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CORRIGENDUM. 


Studies of the Typhus-Rocky Mountain Spotted Fever jyroup 
iu South Africa I to TV. Ortdersttpoort Journal of Veterinary 
Science and Animal Industry, 1939, 13, 1, 19-76. 

We take this early oiqwrtiinity of (loriectiiijy an unfortunate 
error occurring iu the text. At the bottom of pagi- 20 it is stated 
“ n3aDphae identified as Hyalomma aegyptiuw ear. impresxuin, 
were placed ”... In page 23 in the summary 2 the species is 
again cited as Hyalomma aegyptium. These statements are correct. 
On page 70 at the bottom of paragraph 4 it is stated ” We isolated 
a rickettsia ... by feeding on a guinea-pig A mhlyoniwa hchraevm 
nymphae.” This is incorrect and should read Hyalomma aegyptium. 
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Section I. 


Protozoology. 


Kpt'i \ thiozoonosif^ in cattle 




Ondrrsiei)oort Journal of Vrtetinavy Science and Animal Industry, 
Volume 14, Numbers 1 and 2, January and Aprils 1940. 

Printod in tin* Tnioii of South Africa by tlu* 

Govoriiinent I*rinter, Ptetoria. 


Eperythrozoonosis in Cattle. 


By W. O. XEITZ, Section of Prcitozooloo'y and Virus Diseases, 

Ondersiepooi t. 


Intkoduction. 

Adleu and ELLKMaxavN (19*{4) saw Eperythrozoa iu blood smears 
from a spleiiertomized calf; these they named Eperythrozoon 
wenyonL Similar parasites were observed independently ])y Neitz 
and Quinlan (1934) in smears from several splenectomized calves. 
A detailed stmly of this infection could not be undertaken because 
under the conditions of the experiments accitlental natural infection 
could not be excluded. Further, the clinical ])i(*ture in a number of 
the animals was (‘omplicated by commrrent infections of piroplas- 
mosis, anaplasmosis, theileriasis, or spirochaetosis. 


Definition. 

Eperythrozoonosis of cattle is an infectious disease, caused b\ 
Eperythrozoon wenyoni, a small supra- or extracellular blood 
parasite having a ring, rod, irregular or oval shape, and belonging 
to the family Anaplasmidae. infection by the microorganisms may 
result in the production of a mild fever and a slight anaemia 
Relapses may occur. The mode of transmission is not known, but it 
is believed that the vector is a blood-sucking arthropod; probably a 
louse. 


Occurrence. 

Little is knoivn about the geographical distribution of Ep, 
wenyoni. Its occurrence has been recorded by Adler and Ellenbogen 
(1934) in a splenectomized calf in Palestine, by Neitz and Quinlan 
(1934) in splenectomized and non-splenectomized cattle in South 
Africa; by Hering* (1934) in California, U.S.A., by Delpy (1936), \u 
Iran, by Donatien and Lestoquard (1937) in Algeria, and by 
Niesehulz (1938) in Holland, all in non-splenectomized animals. Thi‘ 
infection recorded by Niesehulz was produced with blood imported 
into Holland from Algiers. 


Personal communication. 


EPEKTTHBOZOONOSIS IN CATTLE, 


In South Africa Ep, wenyord has been observed in cattle reared 
and maintained at Onderstepoort; in cattle bred at Vryburg in the 
North-West Cape Province subsequent to exposiire at Tzaneen in the 
Nor^em Transvaal; in a cow at Sabie in the Eastern Transvaal; in 
a calf at Warmbad in the Northern Transvaal and in an ox at Beits 
in the Orange Free State. The latter case was complicated by a 
concurrent infection of anaplasmosis. 


Aetiology, 

(a) Morphology. 

Neitz, Alexander and du Toit (1934) suggested that the four 
genera, Anaplaswa^ Bartonellay Eperythrozoa and Grahamella^ 
should be included in the family Anaplasmidae. Although no 
morphological differences can be detected between Ep. ovis and Ep. 
loenyoni it will be seen from the experiments descril>ed below that 
they must be considered distinct species. 

When stained with Giemsa the micro-organisms take on a pinkish 
purple colour. They are approximately 0*3 to l*5/u in diameter. The 
typical form is a delicate ring, but ovoid, comma, rod, dumb-bell 
and tennis-racket forms quite common (see phoiomicrographs, 
Figs. 1-5). At the thick end of the smear the ring-forms predominate, 
while towards the thin end the rod and comma forms are more 
common. This distribution is mechanical, and is brought about 
during the process of drawing the blood film. Apparently multipli' 
cation takes place by budding and by fission. 



Fig. 1.— JS%>eryihrozoon wenyoni in a blood smear from a splenectomized 

calf ^ liddOx. 
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Fig, 2.- Kptrythrozon wenynni in a blood smear from a spU*neotomiz<*d 

calf ; 2,000 X. 



Fig. 3 .—Eperyfhrozoon wenyoni in a blood smear from a splenectomized 

calf; 2,000x. 
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EPERTTHROZOONOSIS IN CATTLE. 



Fig. 4.' Kperythrozoon wenyoni in a blood smear from a non>spieiicK‘tomiaed 

calf; 1,500 x. 



Fig. 5. -Kperythrozoon xcenyoni in a blood smear from a non-splenectomizcti 

calf; 1,600 X. 

(6) Localization, 

It is not known whether the distribution of Ep, wenyoni in 
stained ^ears is a true picture of the distribution of the parasites 
in the circulating blood. The union between the parasites and host 
cells is loose, so that it is possible that a large number of free forms 
may simply be detached during the process of smear preparation. It 
has freauently been observed that the proportion of supracellular and 
('xtr^acellular forms varies considerably in different preparations 
made from the same animal at the same time. 

12 






W. 0. NKIT/. 


1. Supracellular Forms, 

A single parasite may be preseni on an erytlirocyle. On the 
other hand its entire snrfaee may be dotted with parasites varying?' 
in number from 20 to 60. The parasites may be superimposed on 
each other. Most commonly the supiacellular forms are to be found 
in idusters of to 12 aj^grefrated lowards the centre, or the periphery 
or actually around the cirrunii'erenee of the erythrocyte. 

2 . Extracclhihir ftr Free Forms. 

These forms usually predominate, in thick smears where the 
eryihrocyies are closely packed logether tlio interstices may appear to 
be filled with a homogeneous mass which stains in a manner similar 
to the j)arasites. 


Transmission. 

During the c.our^e of some work on protozoon diseases lour 
i-alves Avhich had been born and bred at the experimental station 
Armoedsvlakte, Vrylnirg, were exposed to tic^k infestation undei 
natural conditions, three at Tzaueeii in the Northern Transvaal, and 
one at Spitzkop in the Eastern Transvaal. These calves were selected 
for the following reasons:-“(!) (direful observation over a numbei 
<»f years has shown that very few ticks are found at Armoedsvlakte, 
so that the chance of prior tick infestation was very limited. 
(2) Extensive experimental w^ork has showm that the great majority 
of cattle from Armoedsvlakte are fully susceptible to anaplasmosis, 
piroplasmosis, and other tick-borne diseases of South Africa. 

The fjalves became very heavily- infested with ticks, chiefiy 
lihipicephalus appendicitlafvs, Boophilus decoloratusy Hyalomnnn 
aefjyptium., Amhlyomma hcbraeum. and lOiipiccphalvs cvcrtsi. So 
heavy was tick infestation that the animals suffered severely’ from 
the direct effects as evidenced by marked swellings of the ears, eyelids 
and superficial lymphatic glands and development of abscesses. In 
addition specific infections of Theileria mutans and Spirochaela 
thcileri appeared. Subsequently Ep, weny<nu were demonstrated. 
(For detail see Table 4.) From these observations the tentative con¬ 
clusion appeared warranted that one or more of the species of ti(‘ks 
had transmitted the Eperythrozoan infection. It wras then decided 
to carry out a series of carefully controlled experiments to throw 
further light on this point. 

It is w^ell known that splenectomy of animals harbouring a latent 
infection of genera of the family Anaplasmidae is followed by their 
appearance in large numbers in the blood stream. That this observa¬ 
tion holds good for the genus Eperythrozoon is apparent from a 
consideration of the results of splenectomy of a heterogeneous 
collection of animals detailed in Table 5. It will he seen that in 
every instance Ep. wenyoni appeared subseiiuent to splenectonyv. 

To insure the initial suvsceptibility of the animals to be used in 
the experiments, four calves which had been born and bred under 
carefully controlled tick-free conditions were splenectomized. The 
subsequent history of these animals is tabulated in Table 1. It is 
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El»ERYTHROZOONOSIS IN CATTLE. 


seen that two of the four showed a relapse of Eperythrozoonosis after 
an interval of 40 days, while two remained free for a period of oyer 
two months. It must be emphasized that the conditions under which 
these animals were maintained was such that any possibility of 
accidental tick infestation may be excluded with every confidence. 
In addition accidental transmission during the process of preparing 
blood smears was eliminated by using separate sterile instruments 
for each animal. On the other hand it was noticed that lice Bovicola 
hovis and Linognathns rituli were present in fairly large numbers. 

It was concluded therefore that rearing calves under tick-free 
conditions is no guarantee of their {reedoiii from infection with 
Eperythrozoa and for experimental work of this nature it is essential 
to use animals whose full susceptibility is proved by the results of 
splenectomy, if the conclusions drawn for the experiments are <o 
have any value. 

At this stage it was decided to modify the j)rogramme of work. 
Previous experience with ti<jk transmission experiments has shown 
that to work out the cycle in the invertebrate host large numbers of 
susceptible animals are essential. Rather than use the only two 
susceptible bovines available, it was thought that if Kp. wcnyoiii 
of cattle is identical with Ep, ovh of sheep, the woik could be com¬ 
pleted more easily on a larger number of splenecitomizcd sheep which 
could easily be made available. Consequently transmission experi¬ 
ments with cattle were temporarily abandoned. 

Disetfssion, 

Donatien and Lestoquard (1937) claimed that Kp. wenyoni is 
transmitted by ticks. They obtained adult ticks of an undetermined 
species of llyalomma from Tran. These ticks were fed on twT) bulls: 
14 days later Th, dispar appeared and 8 days later Ep, wenyoni. From 
this they concluded that infection had been transmitted by ticks, 
but from the observations recorded above it is immediately apparent 
that the conclusion was not justified, since, in the first place, no 
attempt was made to determine whether the bulls harboured a latent 
infection or not. The fact that parasites appeared in the blood 
stream of calves reared under tick-free conditions subsequent to 
splenectomy indicates strongly that ticks definitely are not the only 
transmitiers. 

The ectoparasites which were common to the calves under the 
conditions of the experiment were lice, so that the role of these 
arthropods as transmitters must be taken into serious consideration. 

Elliot 1936 showed experimentally that the vector of Epery- 
throzoon coccoules of the mouse is the louse Polyplax serrata. It is 
considered that this is the only case where the transmission of an 
Eperythrozoon is supported by adequate experimential data. 

Relationship of Ep, wenyoni and Ep. ovis. 

It has not been possible to demonstrate any morphological 
difference between Ep. wenyoni and Ep. ovis. Neitz (1937) stated 
that Ep. ovis is pathogenic for calves, thus indicating the probable 
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identity of the two species. In view* of the more carefully controlled 
experiments dt*tailed below that staUnnent must now be corrected. 
A sus<‘eptible splenectomized calf 0289 (sec Table 1) was given a 
8ub<*utaueous injection of 10 c.c. blood from a calf 6049, which was 
passing through a relapse to Ep. weayoni after splenectomy. Parasites 
were demonstrated intermittently from the 1 l-r)5th day after injec¬ 
tion. It was therefore concluded that Ep. icenyoni may be trans¬ 
mitted to a susc-eptilile calf from an infected calf by the subcutaneous 
injection of blood. A second susceptible splenectomized calf 6295 
received 10 c.c. of blood from a sheep 4]Sd9 which w*as a known 
carrier of Ep. nris. Parasites were demonstrat(»d intermittently from 
the 6th to the d4th <lay after injection and were associated with a 
marked anaemia (Table 1). 

From this expeiiment it appeared justifiable to conclude that a 
suseeplil)le calf may be infected by the subcutaneous injection of 
sheep blood containing Ep, ovis. It would therefore appear that the 
two parasites are species identical. To confirm this conclusion it 
w*as decided to transfer the infection from the calf back to susceptible 
splenectomized sheep bearing in mind that Neitz (1937) had showm 
that shee]) may be infected with Ep. oris by the subcutaneous route. 
Two splenectomized sheep (Table 2) which had shown no 
recrudescence of infection after the operation were injected sub¬ 
cutaneously with o c.c, of blood from calf 6295. Smears were 
examined daily for 5 weeks but no parasites were seen. The result 
of this exj)eriment was so striking that it was deemed essential to 
continue the investigation. 

Three lum-splenectcmiized lambs whose blood bad failed to reveal 
the preseiiee of Epeiytlirozoa during the previous 7 weeks and 5 
splenectomized sheep whieli remained clean for from 5-10 weeks after 
splenectomy leceived injections of cattle blood kuow*n to contain 
large numbers op Ep, irenyatu (Table 2). In no single instance did 
the injection result in infection of the sheep. 

The 3 lambs and one of the splenectomized sheep subsec|Ucntly 
w’ere found to be fully susceptible to Ep. oris; the remaining 3 sheep 
were utilized for other experiments. From this it can be concluded 
that sheep suscjeptible to Ep. oris are refractory to infection with 
Ep. wenyoni. 


Discussion. 

Since conflicting results appear to have been the outcome of the 
experiments recorded, a careful analysis is essential. The appearance 
of Eperythrozoa in the blood of a susceptible splenectomized calf 
subsequent to an injection of blood containing Ejy. ovis warranted the 
conclusion that calves are susceptible to the sheep parasite. If this 
actually was the case it should have been possible to transfer infection 
from the calf back to susceptible sheep. The attempt failed. Further 
it was found to be impossible to infect 8 other susceptible sheep with 
Ep. wenyoni. The logical explanation would therefore appear to be 
that the calf became accidentally infected with wenyoni by some 
unknown vector, certainly not a tick but possibly a louse, and that 
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the appearuiiee of the parasites in the blood stream happened to 
coincide with the time thal they could have been expected after the 
injection of the infective blood. It is finally concluded therefore 
that Ep. wenyotd and Ep. ovis are distinct sj^ecies infective for cattle 
and sheep respectively. The ex])eriments serve to emphasize the 
nec^essity of exendsinf?; the f^reatest care in planning work of this 
nature, and of drawing conclusions only after exhaustive investiga¬ 
tion. 


Pathogenesis. 

The Eperythrozoa x)ara8itize the erythrocytes, but it is not clear 
how destruction is brought about. In non-sx^lenectoniized animals a 
inild or no anaemia has been observed, whereas in several of the 
splenectomized calves severe anaemia and icterus resulted from the 
infection. The blood showed a drop in the red cell precipitate 
obtained on centrifugation, and the red cell count fell as low as 
1,200,000 per c.cra. The decrease in the number of eiythrocytes 
(commences at the time of the first aiipearance of parasites. There 
is also a rise in the leucocytic count up to 37,000 per c.cm. Degene¬ 
rative and regenerative processes namely anisocytosis, polyehromasia, 
punctate basophilia, retitjulocytes, Jolly bodies and normoblasts are 
seen in stained smears. Erythrophagocytosis is well marked. Ilaemo- 
globinuria has only once been observed, viz., in a non-sx)lenectomized 
bovine, which was reacting to Ep. %vrnyoni. Th. mutans and Sp. 
fheileri. 


Symptoms. 

The symptoms and course of the disease liave been studied in a 
very limited number of non-splenectomized and si>lenec1omized cattle. 


A. Observations in Non-splenectomized Cattle. 

1. In the experimentally infected cattle mentioned in Table 3 
it will be seen that the incubation period varied from 16-22 days. 
The parasites could be demonstrated microscopically for a x)eriod of 
I to 8 days. ^ No relapses were observed in any of the animals. A 
slight anaemia was observed in two of them. Febrile rea(;tions and 
clinical symptoms were absent. If daily blood smears had not been 
examined, the infection would have passed unnoticed. 

2. In the cattle mentioned in Table 4 the latent infection of 
Ep. wenyoni was activated by the direct reffects of the heavy tick 
infestation and by the severe Th. mutans reaction. The parasites 
could be demonstrated microscopically for a period of 4-13 ^ys, but 
relapses were not observed. The severe anaemia and the haemoglo- 
binuria were in all probability also partially due to the theileriasis 
and spirochaetosis present. 
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Table 1. 

Splenectomy of Calces reared under Tick-free Conditions 
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Table 3. 

Observations in Son-splenectomized Cattle. 
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8/11/37 i 9/5/38 . Heifer 7170_j 20th-27tli day. . Parasites rare. Slight anaemia but lio febrUe reaction was observed. 
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Ohftervntiona in Splcnectoinized Cattle. 

1. In the four calves which reacted to a pure infection of Ep. 
wenyoni the following symptoms were noticed: — 

A relapse to Ep. wenyoni was seen 40 days after splenectomy in 
calves 0049 and 0050 mentioned in Table 1. The parasites were 
demonstrated microscopically for a period of 11 days. A slight 
anaemia resulted from the infection, but no febrile reaction and no 
clini<tal symptoms were obseiwed. 

In the artificially infected calf 0289, Ep. wenyoni appeared on 
the 11th (lay and was demonstrated microscopically for a period of 
8 days. Four parasitic relapses were observed after the primary 
reaction. Anaemia, icterus and a mild febrile reaction but no other 
clinical symptoms were observed. 

In the naturally infected calf, 0295, mentioned in Table 1, Ep. 
wenyoni produced severe anaemia and icterus. Three relapses 
followed the primary appearance of parasites. A febrile reaction, 
inappetence and general weakness were observed, but the animal 
iwovered without tieatment. 

2. The three cattle mentioned in Table 5 were inoculated with 
blood, which at the time of bleeding contained Piroplastma hiyeminnm 
and Anaphmiia cenfrnle, but which had been stored at room tempera¬ 
ture for periods of 48 and 72 hours. Reactions due to bcjtli the men¬ 
tioned parasites W’ere observed in ox 5435 wdiich had received 48-hour 
old blood, whereas the two heifers 5425 and 5432 whicdi received 72- 
hour old blood reacted only to ^4. rent rale. The splene(;tomy caused 
a recrudescence of the mentioned parasites, as well as that of Ep. 

which had not been previously observed in any of the 
animals Severe anaemia was noticed in all the animals. It was 
possible by timely intervention ,to control the reactions of 
P. higemmum with trypan blue and acaprin, and that of Ep. wenyoni 
with neosalvarsan. 

The behaviour of the various ])arasites in the animals is extremely 
interesting. It will be seen from Table 5 that the (;alves were re¬ 
injected at a later date wdth blood wdiich contained P. higeminmn A. 
centrale and Th. mutant. Daily blood smears of (tattle 5425 and 5435, 
w'ere examined for a period of 5 years after splenectomy. 

(а) P. higemium was harlmured by cattle 5425 and 5435 for a 
comparatively short period. Ox 5435 was reinfected and it was 
necessaiy' to (‘oiitrol the reaction with ac^aprin. This animal lost its 
infection again. 

(б) A. centrale and Th. mutans were demonstrated regularly in 
blood smears for a period of 5 years. It appears that cattle remain 
(iarriers of these parasites indefinitely. 

(c) In heifer 5425 thre relapses of Ep. wenyoni were observed up 
to 61 days after the primary reaction, but no further relapses were 
observed during the subsequent 5 years. In ox 5435 on the other 
hand, Ep. wenyoni was seen again 1,466 days after the primary 
reaction, but it is not clep whether this finding was a relapse, or 
whether it w^as due to a reinfection. 
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Pro<;nosis. 

lu the lijuitecl nuuiher of aiiiiiials under observation it has been 
found that the course of the disease is extremely mild in non-spleneo 
tomized cattle. There was no mortality. 

Pathological Anatoaucai. Changes. 

As no animals died or were slau}>:litered, an opportunity To study 
the i)atholoj^ic*al <'han^*es did not present itself. 


l)lA(iNOSlS. 

The iliagnosis is dependent upon the mieroseo])ie demrinstration 
of the jiarasites in the blood smears. In eases of anaemia and ieterus 
the jiossibility of Kjierythrozoonosis must be taken intc» eon*iideration. 

The presence or abseiu*e of a latent infeeticui can be determined 
by subino(‘ulatiii^‘ blood into susceptible animals. 


1'hk\tmkxt. 

Sijicc this infection |)ro<luces mild or no symptom^ in non- 
splene(‘tomized animals treatment is unnecessaiy. (tceasion, how¬ 
ever, may arise where treatment has to be undertaken. In such cases 
the use of neosalvarsan and the arseno-stibio (‘ompound Std. •ISO II, 
which have been shown to act specifically on or{.< by Xeitz (IfKlTll 
are recommended. 

Xeosalvarsan has been used in two cattle mentioned in Table •*>. 
Ill heifer weif>hinj 4 : a])proximately lot) K^*., U J) ^rnis. of neosal¬ 

varsan caused the parasites to disappear after •‘It) minutes. A reappear¬ 
ance of the parasites was observed lo days later, which indicates that 
sterilization was not biouj»ht about. In the other heifer. 
weij»-hinjr a})proximately ISO Kjr-, 1 'lo ^ms. of neosalvarsan were 
administered. The parasites in this animal could still be demon¬ 
strated in small numbers after 24 hours, and a second do>c of 0*0 
jfins. was ^iven. The blood smears which were examiiieil subsetjuently 
after a ]»eriod of 112 <lays were free of parasites. Xo attempts were 
made to ascertain whether sterilization resulted from the treatment 
in either of the above cases. 


Imahxity. 

From tin* observatimis on splenectomizeil and nou-spleije<*tomizcfl 
calves, it appears that the immiinitv is dm* ti> a “ labile inte(4ioii 
or an “ immunitas non sterilisaiis which leads to an e(|uilibnum 
between parasites and the host. 
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Swine Fever in South Africa. 


By GILLIES DE KOCK, Section of Pathology, E. M. ROBINSON, 
Section of Bacteriology, Onderstepoort, and J. J. G. KEPPEL, 
Section of Field Administration, Cape Town. 


INTRODUCTION. 

Extensive outbreaks of swine fe^er amongst pigs from onwards 
both in the Transvaal and Cape Provinre alforded an opportunity of 
further obseivations and experiments ami of reviewing the whole 
swine fever problem in the ITnion of South Africa. 

In the latter part of 193'} a number of very severe outbreaks 
of an infectious disease of pigs occurred iji the Western Province 
and in the Transvaal. In the latter province the disease "was mainly 
confined to the Witwatersraiid area. Dilticulty was experienced in 
establishing the true nature of the disease. It Avas at first thought 
to be of the nature of a bacterial infection, but early in 1934 (‘uses 
were encountered in an extensi^'e <iutbreak in tlohaiinesburg which 
proved beyond doubt that the disease Avas SAvine fever. 

^A) Saa'inf. Fkveii in the Witav.ateksrand Arka (JohannesburiO. 

Since 1933 a number of outbreaks occurred in this area, some 
of which Avere recurrences on the same farm. In the first of these 
outbreaks at the Lombardy Plstate the owner had about thirty pigs 
all of Avhich died. The s^miptoms shown by the pigs w’ere high 
fever followed by death in two to three days. At post-mortem there 
was swelling of the spleen, haemorrhagic gastro-enteritis and in 
one case haemorrhages in the kidney. One of the pigs brought to 
Onderstepoort shoAved lesions of an acute septicaemia, with splenic 
enlargement, liaeinorrUages in the kidneys and a liaemorrhagic 
condition of the periportal lymphatic glands. A pig inoculated Avith 
blood from this case died in 72 hours wdth lesions of acute swine 
fever. 

Another farm in the area, the Cairngorm Estate was apparently 
infected from the one previously mentioned. In this outbreak the 
Government Veterinary Officer described reddenings of the skin of 
the ears and abdomen, haeinon'hagic gastro-enteritis, haemorrhages 
in the kidneys and a reddish black colour of the mesenteric 
glands. This outbreak was not confirmed by subinoculation into 
susceptible pigs. 
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In February, 1934, an extensive outbreak oe(‘urred on the Savoy 
Estate, amongst about t\vo thousand pigs. An infectious disease 
had occurred in October, 1933, but the mortality was attributed by 
the owner to a pneumonia and ^as nol reported. The whole stock 
of pigs was sent to the ahaitoir and after disinfection, restocking 
took place six vveeks later. No further mortality occurred until 
February, 1934, when about fifty pigs died within a few days. 
Many of the pigs died within twelve to twenty-four hours of showing 
symptoms. A wobbling and uneven gait was noticed. A characteris¬ 
tic symptom was the occurrence of reddish patches on the body ami 
legs. In some cases death occurred suddenly without symptoms 
having been noticed. Bloodstained mu(*us vas seen issuing from 
the nose. In one pig the ears uere very red and swollen. Small 
haemorrhages of a bluish red colour could be seen under the skin 
of the body and on the face, causing bleeding at the inner canthus 
of the left eye. In another pig haemorrhages were seen under the 
skin of various parts of the body, most marked round the eyes which 
were swollen. 

In this outbreak the following lesions were encountered: — 

(а) Multiple irregularly cirtmmscribed haemorrhages in the 
skin fioin 4—2 cm. increasing to large sugillatiousdike 
areas of the subcutaneous connective tissues, chiefly over 
the abdomen near the pubis, shouldeis and on to the 
limbs. 

(б) Extensive haemorrhages and marked swelling of lym¬ 
phatic glands, especially those of the periportal region, 
resembling a cluster of very large grapes, and in one 
case leading to rupture and haematoperitoneum. 

(c) Multiple haemorrhages into the serosa of parts of the 
intestines. In one casQ there were extensive diffuse 
heamorrhages on the epicardium and endocardium of the 
left ventricle. 

(d) Kidneys showed slight degenerative changes and in some, 

small infrequent petechiae. In one case there was exten¬ 
sive diffuse haemorrhage of the kidney medulla in the 
vicinity of the pelvis, 

(e) In every case small consolidated areas were seen in the 
cardiac lobes of the lung while the rest of the lung was 
normal. In one case it was complicated by multi])le 
haemorrhages varying from *5—1 cm. in diameter. 

(/) Stomach and intestines in some showed slight catarrh 
with patches of hyperaemia, while in others patches 
resembling haemorrhages occurred in the submucosa. In 
all ('ases except one there was light to acute hyperaemia 
and swelling of the ileo-caecal valve with early to older 
ulcerations varying from *2 to 1 cm. in diameter 
(probably Balantidium infection). 

(g) Soleen only showed a moderate tumor splenis and in some 
there were raised reddish areas while the lymphoid tissue 
was prominent. 
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{h) The wall of tlie gall bladder was markedly thickened and 
in a few cases contained blood. 

Defibrinated or citrated blood from four of these pigs was 
injected into pigs at Onderstepoori wdth positive results. The strain 
of swine fever virus obtained from this outbreak was used in mo*'! 
of the experiments at Onderstepoort. 

(B) Swine Fever in tiik Northern Transvaal. 

In the routine t^xaiuiiiation of carcases of pigs ai the Johannes¬ 
burg abattoir at tlie tiine when the Johannesburg outbreaks occurred 
in 1934, cases weic met with in which there was no clinical evidence 
of the disease, whereas changes in the hnijdiatic glands strongl^y 
suggestii’e of swine fever were encountered. In a few instances 
inoculation of maierial from these })igs set up swine fever, An 
attempt was made to trace the origin of infection in some of these 
cases, but without success. Inspections were carried out in a number 
of districts in the Transvaal but nothing reseril)Hng swine fevtu* 
could be traced. In some (uses blood or organs from pigs whiidi hud 
died on farms were used for inoculation into susceptilde pigs, but 
wdtliout j)ositive results. 

During the year lOdJ-do no cases Avere leported from PotgieteiN- 
rust, Waterberg and Zoutpunsberg, whereas in 193r)-3() one outbreak 
occurred in Potgietersrusl, tw’o in Waterberg and Ibree in Zoutpaii-- 
berg. During 1937 Iavo outbreaks were diagnosed on two adjoining 
farms in the Pielersburg district. During 1938 two outbreaks again 
occurred in the Pietersburg district. In addition there were 2 
suspected oiitbieaks in the J^otgietersrust district but the>e were not 
i:oiifirmed because all the pigs had succmmljed. Tins small number 
of active infections is probably not a true leflectioti of the real 
incidence of the disease in the Northern Transvaal, because apart 
from the difficulty caused by the fact that wil*! pigs are natural 
carriers of swine fever, the control of tlie disease in domestic pigs 
is rendered most difficult in that area. From a jircliniinaiy census 
it would appear that in these northern districts there were probably 
more than 20,000 pigs. These are owned by about 900 European 
and 1,800 natives. Only about 15 per cent, of these pigs are well 
bred, whereas 25 per cent, run free and are not under control. 
The possibility therefore exists that such pigs may from time to 
time <!ome into contact with wild ])ig carriers and become infected. 
These sporadic outbreaks in Northern 'rransvaal (dearly show tlie 
need for the present quarantine restrictions. Pigs from there are 
either allowed to the quarantine section of an approved abattoir 
for immediate slaughter or in the case of w'ell bred pigs under 
proper control “ a system of quarantining out ” is permitted. 

(C) Swine Fever in the Western Province. 

A disease with high mortality was reported in October, 1933, at 
the Imperial Cold Storage, Gouda, Tulbagh district, in pigs^ for 
slaughter. At first arsenical poisoning was suspected, but analysis of 
the organs gave negative results. From blood samples /?. sutpesitfer 
was isolatecl but a vaccine made did not have any protective action. 
The blood inoculated into pigs at Onderstepoort produced symptoms 
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of an acute septicaemia with death in three to four days. In these 
experimental pigs an organism of the Pasteurella type was found, 
and a form of haemorrhagic septicaemia was suspected. Sub¬ 
sequently, however, filtered blood produced similar cases and the 
conclusion arrived at was that the disease was due to the virus of 
swine fever. 

The infection was probably introduced by pigs from Johannes¬ 
burg. The Gouda outbreak established a focus of infection for the 
surrounding districts. Infection broke out on the farm Onverwacht, 
Wellington, probably introduced by infected pigs’ heads and feet 
purchased by coloured labourers from Hiscocks Bacon Factory at 
Wellington/which had become infected probably also by pigs intro¬ 
duced from the Transvaal. The spread from these centres was at 
first thought to be limited owing to the isolation of the infected pigs 
at the Bacon Factory and Gold Storage. Unfortunately the disease 
had spread further than was realised. Early in 1934, a fuHher 
centre was discovered on the outskirts of Cape Town in the pigs of a 
dealer, but it was possible to dispose of the pigs. Towards the end 
of 1934 a big outbreak occurred in Retreat, a suburb of Caiie Town, 
and about 300 pigs died. This outbreak was fortunately localized 
as no distribution of pigs took jdace. In January 1«) March, 1934. 
reports were received of a disease in pigs wilh a high mortality, from 
a village called Halfmans.hof near Gouda and from Riebeek West in 
the Malmesbury district. In March, 1934, a severe outbreak occurred 
at a farm Fruit Grove, Wellington. The owner got rid of his pigs 
not yet affected to a dealer, wlui lost the majority of them, A farmer 
at Paarl bought manure from the Paarl Abattoirs and his ])igs became 
infected, heavy losses resulting. By this time the disease had become 
widespread and quarantine measures with prohil)ition of movements 
of pigs were intix>ducea A large urea of countr>^ was involved 
including Cape Town, Wynberg, Simonstown, Belville. Wellington. 
Tulbagh, Stellenbosch, Malmesbury, MooiTeesburg, and Piquetberg, 
i.e., an area of about (>00 square miles. 

A natural mountain barrier with only a few passes hindered the 
spread of the disease to the north and the disease remained confined 
almost exclusively to the districts mentioned, on the southern asjiect 
of the mountain. The northern mountain barrier was, however, 
twice penetrated by the disease. In one case the infection apparently 
went via the Bain’s Kloof Pass and Mitchell’s Pass to Prince Alfred’s 
Hamlet, Ceres. This outbreak was suppressed at once and did not 
spread. The nearest infection by road was fifty miles away. The 
other extension occurred through a pass known as The Rest, to Clan- 
william district, and a farm on the Piquetberg-Clanwilliam road 
became infected. The outbreak was 70 miles from the nearest 
infection in the Malmesbury district. The pigs on the farm were 
slaughtered out and no further outbreaks occurred in the district. 

In the infected areas the^ farming is mainly fruit and wine 
production with pigs as a sideline to provide fresh'meat for coloured 
labourers. In the Malmesbury and Piquetberg areas grain farming is 
the main occupation, pigs being allowed free range on the stubble and 
grasslands. These areas are all closely settled so that spread of 
inf^tion was facilitated. 
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During the year 1936, after a quiescent period of some months, 
the disease again made its appearauce in this province under some 
mysterious circumstances. There was no evidence that infection had 
been introduced from outside and the indications were that the 
recurrent outbreaks had their origin in local foci of infection where 
the disease had remained latent since the 1934-35 outbreak. The out¬ 
breaks during the year 193(i occurred as follows: Wellington 2, 
Ca/ledon 1, Frans<*hhoek 1, and Worcester 1. These infections 
involved a total of 148 pigs which were all slaughtered off. In respect 
of the Caledon outbreak (cide file 18/16/1 of 1936) the infection 
extended from Elgin to Villiersdorp. 

Several factors apparently contributed to the spread of the 
disease in the Western Province. Speculators disseminated the 
disease by the movement of pigs from one place to another, very 
often in vehicles from wliich the excreta infected clean premises. 
A further factor contributing to the spread of infection was the local 
custom of distributing portions of meat from a carcase to the neigh¬ 
bours. Owing to the custom of using manure from the abattoirs for 
fertilizing purposes in vineyards and orchards, infection was 
apparently also spread in this way. Pigs are often allowed to have 
free range in the vineyards and orchards and not many are kept in 
styes continuously. The movement of coloured labourers with food 
supplies such as pig products from farm to farm in the course of 
harvesting may also have been a source of setting up new infections. 

In the control of the infection in the Western Pmvince an 
attempt was made to forward as many as possible of the healthy pigs 
on the infected farms to the abattoirs to minimize financial loss. 
Farmers with farms in contact with infection were advised to evacuate 
their pigs to the abattoirs to create buffer farms without pigs. Five 
abattoirs, conveniently situated, were selected for this sllaughtering 
under direct veterinary supervision. Buffer areas were created by 
keeping pigs on farms adjoining infected ones in styes and 
temi>eraturiug weekly while a strict census was kept at the same time. 
The creation of buff'er zones enabled many unsuspected outbreaks to 
be found. The buffer zones extended to those farms situated within 
ten miles of the in-contact zone. Early in 1935 the disease had burnt 
itself out in the areas where it had first appeared and when the 
disease was arrested in March, 1935, about 1,500 farms were under 
observation. 

The disease did not progress as a wave of infection but more often 
appeared at farms remotely distant from other outbreaks. In some 
cases the spread was from faim to farm but long jumps were 
frequent. In the Avheat-lands where the pigs ranged freely on the 
stubble, the spread was very rapid. 

A remarkable instance of the spread of infection from a 
“ carrier occurred on a farm in the Piquetberg area. The farm 
was infected in July, 1984, when the disease was raging in the area. 
Nine pigs survived the outbreak one of which was a sow which 
produced a litter and the sow and young pigs w’ere kept in isolation. 
When the pigs were four to five months old it was thought that it 
would be safe for them to mix with the survivors, but when they 
were allowed to do so they all died of swine fever, seven months after 
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the original outbreak. Pigs from two of the adjoining farms where 
the disease had not broken out were allowed to mix with the survivors 
as well and an outbreak amongst them was the result. 

In connection with the carrier question two interesting outbreaks 
of swine fever occurred in 1939 in the Piquetberg district of the 
Western Province. The first occurred in April (O.P. file 18/Cl/I of 
1939) on a farm where the disease appeared in 1934 and after a heavy 
mortality was slaughtered out. In spite of every effort being made 
to trace the source of the 1939 infection it remained obscure until 
a second outbreak occurred on an adjoining farm in October, 1939, 
and a connection between the two was established. In both the 
outbreaks the diagnosis was confirmed by histopathological examine*- 
tion and subinoculation into pigs, and paratyphoid was excluded. 
It was eventually found that a mortality occurred every year about 
October on the farm where this second outbreak was discovered, but 
it had not been reported and it would appear that carriers probably 
existed. A pig from this second farm had been sent to the first farm 
some months previously and a connecting link between the two was 
thus established. 

These outbreaks are remarkable in this way that since the 
epizootic which ended in 1935 there have been no further outbreaks 
in that vicinity until 1939 in spite of not infrequent inspections by 
officers of the department. It is not clear how this virus was 
maintained on this infected farm and remained localised for such 
a considerable period without setting up new outbreaks in the neigh¬ 
bourhood. An investigation is being carried out to ascertain whether 
other domestic animals such as cattle and sheep may have been 
carriers of the virus. Recenty Zichis (1939) showed that hog cholera 
virus was transmitted to sheep both by intravenous injection and 
cohabitation with infected pigs. Although the virus produced 
inapparent infection in sheep their ,blood was pathogenic for at 
least 21 days following infection. 

The slaughter out policy adopted by the Uepartinent (see c.ontrol 
measures: Appendix VIII) proved a successful method of stamping 
out the disease. It brought the active outbreaks to a close in March, 
1935. Attention was then directed to the ‘‘ carrier element ’’ namely 
the surviving pigs as a potential source of reinfection. Steps were 
taken to ascertain the number of surviving pigs in the gazetted areas 
and to dispose of them with a view of preventing recurrence of 
infection from this source. This offered a problem that was not easy 
of solution. Efforts were directed towards evacuation of surviving 
pigs to one of the approved abattoirs from: — 

(а) Outbreaks that occurred at Gouda and Wellington in 
October and November, 1933, to the date of Government 
Notice No. 616 of 11.6.1934 and which were not reported. 

(б) Known outbreaks from the date of the publication of the 
first prohibition order (Government Notice No. 616 of 
11.5.1934) to the application of the slaughter out policy. 

In carrying out the slaughter policy in relation to these surviving 
pigs an attempt was made in all cases to obtain the goodwill of the 
farm^ concerned. Where possible time was allowed to fatten pigs 
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and allow sows to farrow and wean the piglets. The danger of the 
oarrier element was appreciated by the Farmers’ Association and 
sub-committees were formed and were remarkably helpful in discover¬ 
ing unknown infections and getting the pigs evacuated. 

From the initial outbreaks in 1933 to the commencement of the 
slaughter out policy (December, 1934) about 11,000 were involved 
and of these more than 8,000 died and about nineteen hundred were 
evacuated to the Abattoirs. There were 8fi2 survivors left over 
from the outbreaks and all were slaughtered. Compulsory slaughter 
was only enforced in three instances, which speaks well for the good¬ 
will of the farmers. The slaughter policy was usually applied on 
a farm before many pigs had died and in eighty-two outbreaks there 
were only about 328 deaths from the disease itself. A total of 3,010 
pigs was destr(»yed between December, 1934, and June, 1935, with 
a valuation of about <£1,638, representing compensation at a quarter 
of the actual value. 


COMMENTS ON SYMPTOMATOLOGY. 

Steyn (1928) mentions that farmers in the jmrtion of the Trans¬ 
vaal where the disease was first reported, described it as affecting 
animals of all ages. The disease was sudden in onset and the animals 
were noticed to be dull, breathing heavily, grinding the teeth and 
foaming at the mouth. I)eath might occur within twenty-four hours 
of the first symptoms but some pigs remained sick for several days, 
showing a swaying gait. Affecded pigs rarely recovered, but if they 
did they were immune but might develop a further attack later which 
was usually not fatal. In his own experiments Steyn found the aver¬ 
age incubation period to be two days but it varied from thirty-six 
hours to four days. The temperature rose to between 105^ and 107^ F. 
but occasionally reached 108^ F. Towards the end the animals 
became comatose and the temperature dropped to subnormal. In about 
60 per cent, of cases he noticed bronchitis sometimes associated with 
broncho-pneumonia, but a cough w^as rarely noti(*ed. Breathing was 
laboured and the pulse rate was sometimes 180 to the minute. 
Occasionally diarrhoea was noticed with blood in the faeces, but 
more commonly the faei'es were hard and dry. When walking the 
pigs showed an arched back and staggering gait. 

Walker (1933) in his a«'ticle on East African Swine Fever 
describes symptoms almost identical with those mentioned by Steyn. 
In addition he mentions cyanosis of the skin, ears, hairless parts of 
the body such as the under side of the abdomen, and insides of thighs 
4tnd fore legs. 

In his experimental work which covered at least 200 animals the 
average incubation period was three and a half days and the dura¬ 
tion of the reaction four days. Montgomery (1921) had two cases 
which lived for fourteen days. 

Other symptoms mentioned by Walker are vomiting in some 
<»aBe8 and abortion in pregnant sows. Vomiting as a symptom in the 
African disease was noticed by Steyn in an outbreak which he investi¬ 
gated after the publication of his onginall article. 
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During the recent outbreaks in the IJaion, the course of the 
disease has been very similar to that described by Steyn (1928) and 
Walker (1933). In the earlier reports from the Western Province, 
it was stated ^at many pigs were found dead in the morning without 
having been noticed to have been sick. The majority, however, lived 
for two or three days. Blood was noticed in the feaces in some cases 
and was seen to be oozing from the nose and anus after death in 
others. In white pigs dark red patches were seen on the ears and 
under the abdomen. Swelling of the ears was noticed in some cases 
and the eyes were very bloodshot. 

In the Witwatersrand outbreak some of the pigs showed 
haemorrhages of a bluish red colour under the skin of the body and 
face. I^me of these involved the eyes causing bleeding from them. A 
number of the pi^s were described as having died suddenly without 
showing signs of illness previously and others died after a very short 
illness. The history was again very similar to that previously 
described. A number of pigs, however, recovered but they remained 
in poor condition and showed a scaly cM>ndition of the skin. 

During the slaughtering out in the course of the eradication 
campaign in the Western Province, the opportunity was afforded 
to examine a few recovered animals, some of which were known to 
have shown symptoms at the time of the outbreak a few months 
previously. Eight of these cases were examined. Six of them were 
in excellent condition and apart from slight evidence of swelling 
of the joints were quite normal in api>earance. One of the others yiras 
in poor condition and showed marked swelling of the joints. Another 
showed poor condition with slight swelling of the joints. 

In the recent experiments carried out at Onderstepoort the great 
majority of the cases produced have been acute. The most obvious 
symptom noted besides the severe hyperthermia (temperature up to 
108^ C.) is weakness in the hindquarters shown by swaying gait. 
The average incubation period has been thiee days and the duration of 
the visible illness just over three days. The shortest incubation 
period has been between thirty-six and forty-eight hours. In some 
of the cases produced by the blood of recovered pigs the incubation 
period has varied from five days up to even twenty-two days. The 
addition of swine fever antiserum delayed the reaction up to eleven 
days in one case and eighteen days in another. 

These long incubation x^riods ar 4 $ unusual and never seem to 
occur with material from actively infected cases except if antiserum 
be added to the virus. 

The duration of the disease has usually been three to four days, 
but periods of seven to fourteen days have occurred. Only two pigs 
have survived out of over one hundred experimental animals. In both 
these cases recovery was slow and the temperature fell gradually to 
normal over a period of one to two weeks. In one case constipation 
was very marked for about a week after the temperature fell to normal 
but in the other case recovery was uneventful. This latter pig was 
tested two months after recovery with a virus from a different source 
to that with which it bad previously been inoculated but showed no 
reaction* The control pig died on the sixth day after inoculation 
from acute swine fever. 
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PATHOLOGICAL CHANCES IN ACUTE CASES.* 

In acute cases general changes such as loss of condition as a 
result of the disease are almost unknown, in fact the animals which 
auccumb are frecjnently reported as found dead without previously 
having been noticed sick. Rigor mortis sets in early. 

Integument. 

The skin almost invariably has a patchy or diffuse purplish 
colour (cyanosis) which naturally is more striking in light coloured 
animals, but can be seen even in black animals, e.g., in the axilla 
and other parts covered by thin skin. More rarely there may be 
isolated single or multiple irregular, small dark red patches or spots 
up to one or two cm. in diameter (see Fig. 1). These usually have a 
raised appearance covered with tense, shiny epidermis and are dis¬ 
tributed particularly on the abdomen. Microscopically one finds 
engorgement and stasis of the smaller blood vessels and capillaries 
to account for the cyanotic appearance. 



Fig. 1.—Skill showing iiiultiplc haemorrhages. 


Endovascular hyalinisation and thiombosis (*an be seen in some 
<*ases and, when advanced, leads to localised blood extravasation 
into the cutis. Other evidence of necrosis, such as karyorrhexis and 
rarely total disintegration with secondary infection, may be seen 
according to circumstances. 

(Notb. —* The histological examination was carried out by Dr. A. D. 
Thomas, of the Pathological Section, Onderstepoort.) 
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AiI2X)M£N. 

As the animals feed well till neai* the end^ the abdomen is usually 
well hlled and presents no great departure fioiii the iu»ruiaL The 
peritoneal cavity may contain a variable amount of clear fluid, which 
sometimes may be somewhat turbid or show fibrinous tufts and 
strands. The peritoneum is usually smooth and glistening. Ai times, 
however, there may be ecchymoses and even extensive reddening with 
or without fibrinous adhesions. 

TiioEACic Caviti, 

The thoracic fluid is usually slightly increased and may leach a 
considerable amount where pulmonary oedema is marked. On 
occasion a turbid, almost milky exudate lx* j>ieseni, in which 
fibrinous shreds may be seen. 



Fig, 2.—Heart. (Spec. No. P.S. 14742.) Kxten<(i\e snhepicurdiul 
haemorrhages. Xi. 


Heajh . 

The pericardial sac often contains an increased amounl of clear 
watery fluid. At times the fluid raa.'v be turbid even to the point of 
being milky, when fibrinous strands and adhesions may form 
important constituents of the exudate. 

8ub-epicardial and sub-endocardial ecchymoses are not infre¬ 
quent and on occasions may be very extensive and cmifluent. (See 

Fig. 2.) 

Haemorrhages of variable extent are also t(» be seen in the 
Eubstance of the myocard. The endo(*.ardium, valves and atria do 
not as a rule present any changes. The haemorrhages in the 
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myo(‘ardium can usually be found associated in histological sections 
with vascular obsti action (thionibosis), hyalinisation of wall, 
karyorrhexis, efc. It is of couise possible to find microscopic intei* 
stitiul haemoiihages even \iheie these iua> not be visible with the 
naked eye. 

liUNGS. 

In niHn> case^ the lunj<?s show little or no chuiiEc. Cyanosis in 
4 i variety of*shades and i)attern is (juite a common feature. In some 
cases oedema may be pionounced, to the point of showinji; i^ide 
infiltrated iuteilobulai spa<*es, and juofuse lioth and serum oozing 
tioin cut surfaces. In othei c*ases leddish iric^gulai patches or spots 
(haemorrhages) apjiear singly oi disseminated throughout the whole 
organ. In such cases also the consistenc^e of the organ appears 
altered. There is consolidation, partial cu' complete, of some areas 
(broncho-pneumcmia). Sometimes the darker areas seem partly 
atelectatic* rather than sim])l\ inflammatory. Exudate in appeal- 
ance varying from frothy biood to turbid, greyish slime can be 
ex])i'essed from the cut surfaces. 



Kig. B.—Lung, (Spec. No. P.8. 7566.) Thrombosis, oedema and 
hyperaemia. X200. 
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Microscopically the picture includes any one or more of the 
following changes according to circumstance^ hyperaemia, oedema 
(alveolar and interstitial), collapse of lung ^(partial atelectasis), 
broncho-pneumonia, pleuro-pneumonia, with varying amounts and 
nature of exudate (serous,^ catarrhal, haemorrhagic, fibrinous, 
necrotic) (see Fig. 3). Hyalinisation of the alveolar walls (capillpies) 
and blood vessels can be pronounced in outstanding cases, but is not 
easily recognised in the majority of cases. Hyalinisation and 
thrombosis of pulmonary veins is a relatively frequent occurrence, 
and necrotic effects especially diffuse karyorrhexis usually accompany 
them. 


Sfleem. 

The spleen may show little or no change visible to the naked 
eye, but usually it is swollen to a variable ex^nt, occasionally reach¬ 
ing a size two or three times the normal. This swelling may be 
uniform and affect the whole organ, or it may involve one extremity 
only say or ^ of its length, or even be in the form of isolated, 
bulging, darker areas distributed at random in the pulpa. The 
swollen portions have a tense shiny capsule, thick rounded borders, 
and a greyish blue black colour as seen through the capsule. On 
section the colour is the deep purplish black of stagnant blood. The 
trabeculae are indistinct and seem to be stretched and overflowed by 
the pulpa. The lymphoid follicles are sparse, small and obscured by 
the bulging pulpa. The colour and consistence of this swelling 
indicate masses of coagulated blood in the pulpa rather than 
proliferative processes. In those cases in which swelling is not 
evident the pulpa appears normal in structure and of the usual 
brick red colour. In some, however, one may see small brighter red 
spots or zones scattered in the pulpa usually associated with the 
follicles. 

Histologically the most striking and constant changes are 
briefly: — 

(a) Hyalinisation and efiacement of the Schweiger-Seidel 
sheaths or splenic ellipsoids. 

(h) Congestion of pulpu, haemorrhage or infarction. 

(c) Spreading apaH and atrophji of lymphoid follicles. 

(d) Pyknosis and karyorrhexis of reticulo-endothelial and 
lymphocytic cells. 

(e) Endo-vascular changes—^hyalinisation of wall, desquama¬ 
tion of endothelium, thrombosis and necrosis. 

(a) Effacevient of Schweiger-Seidel Sheaths. 

The Schweiger-Seidel sheaths or so-called splenic ellipsoids are 
bulb-like terminal enlargements of the final twigs of the pencil 
arteries. In the pig, as is well known, they are particularly 
prominent and distinct as roundish or oval structures composed of "a 
mass of concentrically arranged endothelial cells. These Imdies 
appear to form a delicate but loose meshwork through which the 
blood from the arterioles has finally to pass before it reaches the 
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pulpa and sinuses. They are distributed throughout the spleen 
roughly in the proportion of 10 to^ 20 to each nialpighian follicle 
around which they tend to form an irregular ring. 

In all cases of Swine Fever it was noticed that the Schweiger- 
Seidei sheaths were affected to a greater or lesser extent. The 
majority show disintegration, smudging or total disappearance of 
the ellipsoid structure, so much so that no indication whatever may 
be left to mark their preirioim existence and situation. 

Very often, however shreds, or islands of hyaline substance 
with faint oval outline indicate where these structures existed. These 
islands which are usually loose-meshed, generally contain much blood, 
and sometimes there are indications of fibrin deposition and even of 
complete thrombosis. In a very few cases only do the ellipsoids 
remain fairly distinct in outline, although even here one may see 
very definite indi(‘atons of necrobiosis ot the delicate cells forming 
the spongy mass. 

Probably these changes represent piogressive steps in the 
destruction of the ellipb(»ids. At first the sheaths retain their form, 
only the delicate cells which make them up undergo pyknosis and 
beginning kaiyoirhexis. Then the cytoplasm becomes eosinophilic, 
hyalinised and fuses to a homogeneous mass or which is more usual, 
retains a certain sponginess uith erythrocytes packing its meshes. 
In advanced stages in which haeiiiorihage is very extensive even this 
hyaline substance fends to disappear. It would seem as if the flood 
ot blood here causes compression or disruption of these hyaline 
lemnants or both, so that nothing is left eventually whereby these 
structures could be identified and their place is taken by the all 
pervading blood whi<di congests the pulpa. 

(h) Congestion of the Spleen. 

The bluish bla(*k colour and swelling of the spleen mentioned 
earlier is seen histologically to be due to excessive accumulation of 
blood in the splenic pulp. Of course it is difiScult to see whether this 
is to be considered as hyperaemia, haemorrhage or infarction on 
account of the comjdicated vascular system of the spleen. The fact 
that this accumulation of blood is often localised to more or less 
defined areas, the presence of fibrin in the ellipsoids and thrombosis 
of vessels are indications in favour of regarding it as of the nature 
of a haemorrhagic process. 


(c) Spreading apart and Atrophy of Lifmphoid FolUeles. 

In a spleen markedly swollen and congested as above the histo¬ 
logical picture is quite characteristic. The pulpa cells are spread 
apart by the masses of blood between them and the same thing takes 
place as regards the malpighian follicles. Not only do the lymphoid 
centres appear fewer in a given field, i.e. further apart in the 
expanse of blood laden pulpa, but the follicles themselves are often 
much reduced in si*e and contain less lymphocytic cells, man^ of 
which may have undergone karyorrhexis. This process of disinte¬ 
gration seems to take place especially just around the central artery. 
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The shrinkage of the lymphoid follicle may also partly be doe 
to atrophy resulting from the the pressure exerted by the accumu¬ 
lated blood as has been suggested by Seifried (1934). The latter 
goes so far as to link up the leucopaenia seen in swine fever with 
this phenomenon. 


(d) Pyknosis and^ Karyorrhea^is of Reticulo-etidoihvlial and Lympha¬ 
tic Cells, 

Earyorrhexis of endothelial cell nuclei in all tissues is charac¬ 
teristic of this disease. Pyknosis and to a lesser extent other regres¬ 
sive nuclear and cellular changes are also seen. This condensation 
and fragmentation of nuclear chromatin is generally extensive and 
affects endothelial as well as lymphocytic and allied cell types. It 
can be seen in the lining cells of blood and lymphatic vessels every¬ 
where, but is particularly noticeable in the lymphatic glands anil 
spleen where the reticulum and splenic c'ells appear very susc^eptible. 
This change so conspicuously affecting endothelial and lymphocytic 
cells everywhere would seem to he the direct result of damage dont 
by the virus and can scarcely be attributed to, or confused with 
the more localised necrotic changes that arise secondarily as a result 
of thrombosis and infarction. 


(e) Endo-vascular Changes. 

Apart from the alteiations mentioned above in regard to the 
Schweiger-Seidel Sheaths the spleen on account of its peculiar ana¬ 
tomical blood vascular arrangement, does not present such marked 
intravascular lesions as other organs. Nevertheless it is possible to 
demonstrate hyalinisation, swelling and desquamation of endothelium 
and thrombosis in some of the splenic vessels. 


Lymphatic Glaros. 

The lymphatic tissues in general and certain groups of the 
lymphatic glands in particular afford perhaps the best and most 
constant single naked eye characteristic lesion in Swine Fever. The 
changes to be noted consist essentially in extravasation of blood 
into the reticular spaces and lymph sinuses. The glands so affected 
may show anything from a deep bluish black colour, through and 
through, to lighter diffuse or speckled red shading or to the normal 
appearance, fietween these extremes all grades of intensity and dis¬ 
tribution of the haemorrhagic effects may be seen (see Fig. 4). It 
is quite common to find glands showing a more or less well demarcated 
dark red peripheral sone or rind where the haemorrhage has taken 
place into the outer lymh sinuses mostly. 

Outwardly the glands are swollen, and on section the cut surface 
may be moist or even watery, but in^ most cases presents a more or 
less firm and mat appearance indicating the presence of coagulated 
fibrin. Occasionally lymph glands^ may show a greyish mottled 
effect, an indication that thrombosis and subsequent necrosis are 
almay far advanced. 
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Oi all the lymphatic glands of the bod> the most constantly and 
prominently afiec^ted groups are the gastiic and periportal. Next 
come the mesenteric, renal, sublumbar, thoiach*, maxillary and 
then the other ^superficial groups. In the latter it is very unusual 
to find anything hut a diffuse light leddening and swelling. 

It is inteiestiiig to note that any ot the groups mentioned may 
viithout any appaient reason show pionounccd haemorihagie changes 
over and above some or all of the otheis in a given case, and 
conversely in some cases the majorily ot glands maj shov^ damage 
to a similar extent. 





Fig. 4.—Lymphatic glands. (Spec. No. 11700.) Extensive haemorrhagic 

appearance, x}. 

Histologically the lymphatic glands also present a fairly typical 
picture which may be summarised in the following two sets of 
alterations: — 

A.—Primary damage to the endothelial and lymphatic system 
as evidenced bv the diffuse karyorrhexis of these cells, and B. 
secondary circulatory disturbances and their complications arising 
from A., e.g. blood extravasations, lymph stasis, thrombosis and 
necrosis. 
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A.—Extensivs and diffuse karjorrhexis of the reticulo-endoidielial 
nuclei in all the lymphatic tissue is $uch a constant and charcusteristic 
feature of the histological picture that it deserves special attention. 

In the earlier staf^es of the disease or in organs so mildly affected 
that other histological changes are not yet apparent, karyorrhexis is 
usually already discernible here and there in a number of cells to 
an extent which at any rate enables one to suspect if not to diagnose 
the disease definitely . A study of stained smear preparations made 
from the pulp of glands or spleeh gives one a ver^ good insight into 
some of the nuclear changes which take place in the endothelial 
cells and lymphocytes. The nuclear chromatin of some of these 
cells seems to become flocculated into what appears to be a loose 
and bulkier, fluffy mass of chromatin within the nuclear membrane. 
Another and more striking phenomenon is seen in a great proportion 
of cells. It consists of “ condensation ” of the chromatin (pyknosis) 
into denser and darker shining masses which tend to divide rosette 
wise into smaller globular or tear-drop shaped fragments of chromatin 
(see Fig. 6). In many instances it appears as if the chromatin was 



Fig. 5.—Specimen No. 1173. Smear periportal l^mphatio gland. Qroup ot 

karymriietic celb. X700. 


being squeezed out not only from the nuclear membrane but from 
the cytoplasm as well, so as to be outside the cell entirely. Such 
spongy nucleus-less^ cell remnants are not infrequently encountered 
in smear preparations. In addition to the nuclear changes one 
frequently sees in gland smears, but also blo^ and other organ 
ffioseturs, globular fragmemts ot cytoplasm floating in tdie plasma. 
ThMe vary in' size from 1 or 2 to 10 or 15 g. They stain very 
faintly with Giemsa solution and often appear as mere hubbies, 

46 





G. D£ KOCK, £. M. ROBINSON AND J. J. G. KEPFEL. 


their colouration approximating: that of the lymphocyte cytoplasm, 
i.e. very light grey blue. Actually the cytoplauu of a number of 
large lymph^ytes show the bulging pseudopodia^ which might be 
taken as indications that these fragments are ** pinched ” on from 
parent cells. On the other hand^ these frajj^ments which at times 
may be very numerous, are more likely to originate from endothelial 
cells which have broken up or desquamated at the time that they 
lost their nuclei as indicated above. 



Fig. 6.—Spleen. (Spec. No. 14472.> Thrombosis and liyaliiiisation of S.S. 
sheaths, also karyorrliexis and lymphoid atrophy. 


B.—Even in glands mildly affected there is always an engorge¬ 
ment of the capillaries and pre-capillaries in the reticular tissue. 
Normally these capillaries are scarcely distinguishable as endothelial 
tubes unless they contain blood sin<'e their wall consisting as it does 
of a single layer of endothelial blends with the rest of the reticulum. 
As the disease develops, this thin one-celled wall becomes thickened, 
swollen, blurred and macerated looking. This hyalinisation may 
present a perfectly homogeneous pink staining appearance (H.E.) 
sometimes having a finely lamellated, spongy or even vacuolated 
structure (see Figs. 7 and 8). 
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Fig. 7.—Bpeoimen No. 15168. Hyalinuation of one vessel well. 
Karyorrhexis. x240. 


In the earlier stages of the disease or in lightly affected glands 
the reddening may be dne to hyperaemia only, and the vessel walls 
may scarcely show any recognisable changes. In the more advanced 
stages, however, such as is usually the case with the periportal or 
renal lymphatic glands, the deep reddening and swelling is due to 
extensive blood extravasation into the reticulum and even into the 
lymph sinuses. This extravasation may reach such proportions as 
to involve the whole gland in one large practically confluent 
haemorrhage or haematoma, in which toe remnants of lymphoid 
follicles lie embedded, compressed, and isolated from one another. 
Not infi^uently toe haemorrhage into the peripheral and other 
lymph sinuses forms large pools of blood which overshadow toe 
blood contents of the glandular tissue proper and give rise to the 
“ black rind ” or “ nutmeg ” aspect of these organs. Occasionally 
very little extravasated blood may be seen in the gl^nd and yet 
toe tissue may be extensively damaged showing necrosis, advanced 
karyorrhexis, hyalinisation of vessels and cellular disintegration. 
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Tlie lymph spaces in 8U(;h inatauces uHually contain a network of 
fibrin and the blood vessels are more or less completely plug:g:ed 
by thrombi, thus probably interfeiiiig early with the blood supply. 

The very extensive blood extravasation seems definitely to follow 
oil the dainajfed state of the blood vessels especially capillaries and 
precapillaries. The red blood cells may frecjuently be seen caught in 
the meshes of a loose and si>ongy (hyalinised) vessel wall. In 
arterioles and precapillaries the inner lining of endothelial cells may 
be seen to swell up, disintegrate or desquamate in shreds, and even 
to become incorporated in the thrombi that may form here. 








8.—Specimen No. 15168. Hyalinisalion of several vessel walls. 
Haemorrhages and karyorrbexis. x200. 


Stomach. 

This organ shows hyperaemia with a fair degree of constancy. 
This occasionally may be severe even to the point of giving rise to 
haemorrhage. The stomach is usually full of food, the mucosa^ is 
covered with mucus and the fundus portion a light diffuse greyish 
pink to red, sometimes mottled and with erosions or ulcerations. In 
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the wotst cases hrowaish deposit or actaa] fibrin pseudomembrane or 
blood clots are present. In the milder cases, histologically one can 
see engorgement of the capillaries of the mucous^ membrane. In 
more advanced cases there is also fibrin present which then usually 
forms a clot occluding the vessels compmtely or in part. VesMls 
which undergo complete thrombosis rapidly lose their distinctive 
structure and become a blurred mass of protoplasm and fragmented 
chromatin. The mucosa over areas so affected becomes eroded at an 
early stage, with a variable loss of epithelium which leads more 
rarely to ulceration and bleeding. Infarction as a result of throm¬ 
bosis of blood vessels is not infrequent. 

Intestine (skael). 

The small intestine usually contains normal looking ingesta, and 
may not show any obvious abnormality. On the other hand a slight 
reddening of the mucosa with catarrh is a common occurrence and 
may be accompanied by subserous ecchymoses. Occasionally there 
may be a marked hyperaeinia and u few cases presenting a severe 
haemorrhagic or even diphtheroid enteritis have been encountered. 

Intestine (].arg£). 

Tbe caecum, especially in the vicinity of the ileo-caecal valve 
frequently shows some degree of swelling and reddening. This region 
dcffierves special attention, since even the normal gut may have' a 
misleading appearance. This small area close to the ileo-caecal valve 
of the caecum consists of lymphatic tissue mostly. It has a thicker, 
darker and wrinkled appearance and is grossly pitted by the numerous 
glandular crypts in tnis region which in turn are commonly filled 
jrith necrotic plugs and mucus which can be expressed out or scraped 
away without great difficulty. It is of course a well known fact that 
“ boutons ” in swine fever do occur in this region, but it is important 
not to confuse them with the dead detritus plugs of the normal ci^ts. 
The colon itself may show degrees of hyperaemia patchy or diffuse 
which in some cases become haemorrhagic. Extensive diffuse 
diphtheroid inflammation is noted occasionally. The lymphoid 
follicles may be prominent and sometimes show evidence of 
haemorrhages and necrosis, but it is noteworthy that typical 
“ houtons ” have not yet been seen in acute cases of swine fever in 
this country. In microscxipic sections extensive haemorrhagic and 
also diphtheroid enteritis have been seen on rare occasions. At a rule, 
however, the vascular chan|'es, haemorrhages and karyorrhexis are 
limited to lymphoid tissue, i.e. the solitary follicles of the colon and 
more particularly that of the ileo-caecal valve. 


lilVER. 

The liver usually appears swollen and richer in blood than 
normal. When cut tne surface thus exposed ooaes out adth a thick 
coat of blood. Irregular darker red patches or spots are sometiines 
seen through the capsule (haonorrhages). The lobulation remains 
planet, but a speckled or nutmeg appearance may be seen due to 
lighter lobules or portions thereof and dai^er blood-filled ones. 
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Microscoijicjally the marked congestion of the parenchyma is in 
the nature of a stasis which is not infrequently accompanied by 
atrophy of the liver cells. The liver sinuses are widened and blood- 
fillea in parts to the p^int of forming small blood pools. The stasis 
usually extends over irregular portions of the liver lobules mostly 
towards its centre. The he))atic cells here may be atrophic or merely 
show compression, distortion due to blood accumulation or even 
necrosis witli karyorrhectic nuclei of scattered cells. 

The necrotic? (changes in the liver are fairly typical though incon¬ 
stant and rather indistinct. Unlike those seen in paratyphoid the 
necrosis is quite diffuse, not sharply demarcated; in fact it seems 
at times as if single scattered cells are affected, while sometimes all 
the cells in part of the lobule seem to suffer. The stellate cells show 
karyorrhexis fairly constant, and the liver cells also tend to hyalinise 
and their nuclei to break up and disappear. 

The gall bladder has been seen sometimes to show haemorrhagic 
and fibrinous inflammation. In such cases the wall is greatly swollen, 
red and oedematous and fibrin and blood clots are mixed with the bile. 


Pancreas. 

In a certtain proportion of cases this organ ‘ may show quite 
extensive and severe lesions while at times it remains practically 
unaffected. The following have been noticed: —interstitial and inter¬ 
lobular haemorrhages from small scattered ei^.chymoses to large extra¬ 
vasations reaching haematoma proportions. This organ frequently 
shows extensive and characteristic necrosis. This change is better 
seen when cutting through the gland, thus exposing the marmorated 
effect due to a combination of necrosis (greyish white, mat streaks 
and patches), haemorrhages (dark red patches) and fat saponification 
(yellowish white blotches) of the interlobular fat; the whole giving 
rise to a variegated mottling. In severe and advanced cases the whole 
pancreas may appear like a soft brownish mass, with deep greyish 
mottling interspersed with dark brown or black streaks of extra- 
vasated blood. These changes are very striking in histological 
sections where necrosis of the parenchyma^ in certain areas^ with 
attendant thrombosis and general karyorrhexis and disintegration of 
^land cells give rise to the greyish mat discolouration. The mottling 
IS completed by the irregular haemorrhages and by the contrast 
between the normal fat and patches of saponified fat (fat necrosis) 
with their large fat cells filled with fan shaped fine acicular crystals 
of fatty acids or soaps. When the areas of necrosis are large the 
pancreas cells disintegrate rapidly and become a chromatinless mass 
of cell remnants, the typical karyorrhexis being seen only at edges 
near the healthy tissue. 


Kidneys. 

The lesions in the kidneys are not constant. In a large propor¬ 
tion of cases there is nothing to be seen with the naked eye. For the 
rest haemorrhages in various grades of intensity and localisation may 
be seen. These vary from the smallest pinpoint red spots scattered 
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iu the coitical substance, to almost confluent red mottling of the 
outer and even inner zones. In extreme cases these may lead to large 
haematomata between the renal capsule and the kidney^ even extend¬ 
ing into the renal fat. Pale or light patches and striations of the 
cortex may also be seen. The usual vascular changes in the kidney 
w^n present take the form of multiple pin point haemorrhages which 
arise apparently by extravasation from the smaller iiitertubular 
vessels (see Fig. 9). 



Fift. 9.—Kidney. (Spec. No. 6409.) Multiple haemorrhages. Xi. 


Although the glomeruli are composed largely^ of endothelial 
cells there is remarkably little change (karyorrhexis, etc.) in this 
structure except in rare and very severe cases of lesion of the kidney, 
(see Fig. 10) where the hyalinisation and porosity of the blood vessel 
wall is clear and the consequent manner of extravasation obvious. 

Degenerative processes of varying degree are also commonly 
seen. Albuminous hyaline substance in the tubular lumen is a 
common occurrence. This usually goes paired with a granular 
cytoplasmic disintegration which may even go oyer to hyaline 
droplet formation. Karyorrhexis of the tubular epithelium is rare 
and even the midothelium of the glomerulus shows this only in 
exceptional cases as mentioned above. 


Adbekals. 

The adrenals have been found on seveinl occasions to tkow 
haemorrhages in the cortex and medulla. Other lesions of signi- 
.Aeance were not seen. 
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Urogenital System. 

The urinary bladder, ureters, urethra, uterus and ovaries and 
testes of cases examined have not shown significant lesions beyond 
small occasional haemorrhages which could be correlated with 
similar occurrences elsewhere. No specific microscopic chanjres 
could be found either. 



Fig. 10.—Kidney. (.‘Jpec. No. 15385.) Advuni*ed hyaliiiisntion and extravasation, 

glomeruli. X200. 


Brain. 

Congestion of the meninges is a fairly frequent occurrence and 
it is not always easy to assess its significance. Actual haemorrhages 
may also be present but are usually very small and not easily seen 
with the unaided eye. Microscopically small perivasculai 
haemorrhages are seen in some ul the cases. They are usually 
localised immediately around and along the blood vessel or under 
the pia mater (see Fig. 11). 
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Fig. 11.—Brain. (Spec. No. 14818.) ExtravaBationB from brain showing 

karyorrhezis. Xl85. 


Occasionally the extraTasation may extend into the brain sub¬ 
stance proper. The blood' vessels and capillaries of the brain do 
show hyallnisation of their wall and kar^orrhexis of their endo¬ 
thelial lining, but this is nowhere as distinct or constant as that 
seen in the lymphatic glands. The ve^ls frequently contain clots 
of hyaline or fibrinous nature ^thrombi) which may fill the lunien 
totally or only in part. There is little doubt that the extravasation 
taking place originates from the blood vessels themselves since the 
blood very frequently foram a sort of mantle along the adventitia. 
Perivascular round cell infiltrations such as are described by most 
workers on swine lever are conspicuous by their absence. Of course, 
Seilried (1934) maintains that the occurrence of these infiltrations 
as a diamostic lesion can be very misleading and it is even being 
suggested that they are the result of a tota^ dififerent aetiologica! 
cause (virus) which often but not necessarily coincide or praxes 
j^ine Fever. 
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Blood. 

Only a few and rather preliminary observations were made to 
date on the blood changes. These, however, will serve to show that 
there are important changes in the blood and that some of these 
agree to some extent with those recorded in swine fever in Europe. 

The following figures were obtained in counts made before 
inoculating and during the course of the disease, on experimentally 
produced cases: — 

Table 1. 


Pig- 

No. 


R.C. 

Red. 







Date. W.C. 

i 

Mil. 

lion. 

pre- 

dp. 

- 

L. 

N. 

E. 

M. 

} 

B. 

Remarks. 

1137 

7/7/36 i 7,400 

7-84 

32 1 

29 

60 

1 

9 

1 

Inoculated virus 7/7/36, 


10/7/36 i 0,400 

8-41 

40 i 

49 

48 

1 

2 

0 

died S.F. 11/7/36. 

1148 

7/7/36 18,600 

9-87 

01 I 

80 

14 

3 

.3 

0 

Inoculated virus 7/7/36, 


10/7/36 11,100 

7-97 

34 i 

51 

45 

3 

1 

0 

killed in extremis^ 11/7/36 


11/7/36 14,000 

7*12 

40 1 

66 

26 

6 

8 

0 

1147 

17/7/36 16.4»K> 

5-77 

27 ' 

34 

56 

0 

1 10 

0 

Inoculated virus 17/7/36, 




1 

i 

1 

1 



1 


died 19/7/36, before 2nd 
(*ount. 

1154 

17/7/36 «,«)0 

1 7-91 

37 i 

68 ; 

27 

1 

4 ! 

0 

lnoc.ulated virus 17/7/36, 


20/7/36 10,300 

5*52 

28 

60 1 

:i4 

3 i 

2 ! 

1 

died S.F. 20/7/36. 

1165 

25/7/36 , 27,100 

1 8*89 i 

37 1 

32 

64 

0 1 

4 1 

0 

Inoculated virus 25/7/36, 


27/7/36 1 7,300 

5*49 1 

27 ! 

54 1 

39 

1 1 

6 1 

1 

died S.F. 30/7/36. 

1185 

20/7/36 ; 20,200 

8‘03 1 

37 

42 1 

53 

0 1 

5 I 

0 

Inoculated virus 25/7/36, 


27/7/36; 11,400 

7*74 ! 

1 

34 ! 

1 

43! 

55 

0 ! 

2 1 

0 

killed 31/6 36 in extremis. 


It will be noted that a decrease in the Avhite count as well as 
in the red c<iunt is a fre<iuent occurrence altliough by no means an 
absolute rule. Tin* differential count a.s it >taiids does not j)re8enl 
much of significance, the figures being too erratic and based on too 
few observations necessitated by the very short course of the disease 
before the fatal ending. Blood smears made from advanced cases 
sh(»w as a rule various degrees of poikilocytosis and anisocytosi^. 
Often there is ([uite a fair percentage ot normoblasts and Jolly 
Inidies. Of some diagnostic .significance is the karyorrhexis of the 
nuclei of the large lym])hocytes and mono(*ytes as seen in prepara¬ 
tions made from the pulp of glands or spleen. The nature of this 
karyorrhexis and the resultant broken chromatin is fairly tyjjical in 
that the chromatin appears to be squeezed otit of the nuclear mem¬ 
brane in the fmiii of “ tear drop ’’ or irregular blol>s of varitms sizes 
and shapes. A number (»f the.se chromatin fragments are to Ik^ 
found lying free in the preparation separate from large lace-like or 
loose spongy masses which would appear to be the nuclear membrane 
and spongy tissue divested of its chromatin. Small rounded and 
very faintly staining bubbles or globules ^ are also frequently 
encountered. They vary in size from about a fifth to double the size 
of an ordinary red blood cell. They are to be found lying free 
among the cells of a gland or spleen pulp preparation. Often they 
tend to adhere to other cells particularly monocytes and may also be 
phagocytozed by large macrophages. These bodies are regarded as 
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fragments of cytoplasm probably arising from disrupted cells having 
lost tWr nuclei or by a process of pinching off a cytoplasmic 
pseudopodia such as are seen protruding from the cytoplasm of large 
lymphocytes or monocytes. 

PATHOLOCICAL CHANCES IN CHRONIC CASES. 

The changes recorded below were observed in natural chronic 
cases in the Western Province outbreak in 1934. The sick pigs were 
usually one or more of the few remaining alive 14 days ana up to a 
month after the onset of acute outbreak and mortality. 

It is interesting to note that in many of the farms visited the 
only surviving animals were litters of very young suckling piglets 
farrowed at the time of the outbreak. These appeared not to have 
contracted the disease at all and grew up perfectly healthy. 

The recovering or chronic cases were usually young pigs but 
occasionally mature pigs were also seen in the chronic stages. These 
animals were all emaciated and in a very miserable condition. The 
younger animals showed swellings—usually on the joints (carpal 
and tarsal)—but also along the tendon sheaths, stifle, phalangeal 
joints, under the maxilla and on the snout. These swellings were 
non-painful, soft and sometimes fluctuating slightly. On section 
they consisted of large accumulations of yellowish grey matter 
(fibrin) within a fibrous tissue walled cavity. The skin around was 
also oedematous. 

Some of the swellings were due to enlarged lymphatic glands, 
e.g. sub-maxillary, which on section showed a greyish yellow firm 
necrotic appearance. 

The heart and heart sac in maiiy cases show'ed extensive peri¬ 
carditis. The pericardial sac being* distended with a milk or dirty 
greyish fluid in which numerous floccules and shreds of fibrin '^ere 
present. The epicardium was usually thickened and covered with a 
greyish white, soft deposit ot exudate of necrotic^ appearance. 

The spleen often was normal in appearance but in some ceases 
there were dark firm enlargements of somewhat nutmeg appearance. 
On section pericapsular fibrinous and fibrous adhesions were also 
seen. 

The lymphatic glands varied a good deal in appearance. Some 
were swollen and necrotic, i.e. with greyish mat pulp, others were 
dark reddish grey and firm, while others still were swollen and red 
or mottled or even very little changed. 

The lungs often showed varying degrees of catarrhal broncho¬ 
pneumonia. Occasionally the lung was affected in patches but more 
often only in portions of the apical and cardiac lobes. 

The intestinal tract was carefully examined for possible changes 
but in no single instance were lesions even sug^sting bout^ 
encountered. 

The kidneys did not present much of significance but degenera^ 
tive changes were to be seen. 
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Blindness in one or both eyes, accompanied by atrophy of the 
bulb and opacity of the (cornea which developed during or after the 
disease was a feature seen in three pigs. 

Incidence of Lesions. 

The foregoing description of lesions represents a summary of 
the pathological clmnges seen in over 150 cases of Swine Fever, 
both natural and experimentally produced. 

The histological examinations for the purpose of this study 
included material from some 197 pi^s, of which died or were 
killed while suffering from the disease. There were thus 42 animals 
dead from a variety of causes other than Swine fever for a com¬ 
parison of the organ changes and determination of their relative 
value or specificity in diagnosis. 

An analysis of the relative frequency of significant lesions in 
the chief organs as given below is of some interest as an indication 
of the organs best suited for histological diagnosis of this disease. 
In all cases included in this tnble, swine fever was diagnosed 
histologically in one or other organ. 

Table II. 


Organ. 


No. 

Examined. 


Positive 

Lesions. 


Negative. 


Percentage 

Positive. 


Lymphatic gland (periportal) 

Spleen. 

Liver. 

Lung. 

Kidney. 

Brain. 


131 

127 

4 

97 

133 

128 

5 

96 

106 

S6 

20 

81 

61 

39 

22 

64 

117 

60 

57 

51 

76 1 

37 

39 

48 


» I 


The number of other organs examined was too small to permit 
of their inclusion on a comparative percentage basis. It will be 
seen, therefore, that positive histologi(*al diagnosis using one organ 
can only be established roughly to the extent of the order indicated 
in the percentage column. 

In practice, however, and provided the spleen and lymphatic 
gland as well as some of the other organs are included the chances 
of arriving at a satisfactory diagnosis are even better than when 
relying on a single organ. These figures naturally refer to organs 
of animals dead from the disease or killed in a fairly advanced 
stage of its development. The number of positive cases established 
histologically would probably fall rapidly as soon as organs from 
animals in the earlier stages of the disease were examined. 

Significance of the Lesions of Swine Fever in South Africa. 

It is fairly clear from the foregoing descriptions that the main 
pathological changes in this disease are the results direct or indirect 
of a marked interference with the vascular system. 
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Since a virus is accepted as the aetiological agent of this form 
of Swine Fever we have to assume that it falls in Biver’s third 
group, namely one which causes a straightforward necrosis of the 
cells affected. There is also ample evidence of the cell specificity of 
the virus since the lesions at the onset of pathoeenesis are practically 
confined to cells of the endothelial type, in other words, the lining 
cells of capillaries, i>recapillaries, veins, arteries, lymphatic vessels, 
reticulo-endothelial tissue, etc. In fact some of the more spectacular 
naked eye lesions like the haemorrhages, extravasations, thrombosis, 
infarction, etc., are probably secondary vascular accidents and com¬ 
plications arising out of the damaged vessels. 

Once the full significance of the changes to the capillary wall 
is grasped (and lesions in a few advanced eases of this disease leave 
one in no doubt on this score) it is a fairly simple matter to under¬ 
stand or explain the apparent inconstancy of the vascular changes 
in various organs e.g. why haemorrhages occur sometimes in the 
kidney, at other times in the lymphatic glands, in the brain or any 
other organ, depending apparently only on the degree of damage 
done to the endothelium of that particular organ or tissue in that 
animal. Tn other words it is not the presence of haemorrhages in a 
particular organ that is diagnostic of the disease but rather the 
manner in which such haemorrhages arise i.e. hyalinisation of 
vascular walls. 

When these histological changes enumerated by Thomas in t/ic 
South African cases of Swine Fercr are compared with those under 
European conditions, as described by Geiger (1937), the very close 
relationship becomes appareni Unfortunately Geiger did not have 
an opportunity of studying the changes brought about by the 
African virus and relied on the observations of Walker and Steyn 
who, however, did not undertake "a very intensive histological 
examination. 

In the acute form of the European disease Geiger rec^ords a 
marked septicaemia characterised maerosc.opically by haemorrhages 
in various organa, especially in the lymphatic glands, urinary 
systena, gastro-intestinal canal, and in the skin. The European virus 
of Swine Fever in the first instance causes changes in the vascular 
endothelial cells of the intima and a necrobiosis or hyalinisation 
especially of the capillaries and precapillaries, etc., etc. 


EXPERIMENTAL OBSERVATIONS. 

The work on the etiology of Swine Fever which has been ddne 
in South Africa Since 1932 may be conveniently discussed under 
the following: — 

(1) Virus studies. 

(2) Complications with secondary bacterial infections. 

(3) Bacterial diseases of pigs resembling Swine Fever. 
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(4) The relationship between the European and African 
viruses. 

^5) Part played by carriers. 

(6) Study of the disease in small animals. 

(7) Immunisation against Swine Fever in South Africa. 

(1) Virus Studies. 

In previous outbreaks of swine fever in South Africa, Steyn 
(1928) found that he was dealing with a virus which would pass a 
Seitz filter. Both Montgomery (1921) and Walker (1933) were able 
to show’' that the virus of East African Swine Fever was filterable. 

All investigators who have worked on the subject have come 
to the conclusion that Swine Fever found in Africa is caused by a 
filterable viinis. Geiger (1937) did a number of filtrations using 
both Berkefeld and Seitz filters and came to the conclusion that the 
virus from South Afri<‘a was filterable. 

With material from the Western Province outbreak in 1933 
and 1934 a series of pigs was inoculated and in every case death 
occurred within a w*eek wnth a marked temperature reaction and 
typical post-mortem lesions. Owing to the fact that in a number 
of cases a Pastenrella organism was isolated from’ them and in the 
material obtained originally from the Western Province, ^salmonella 
cholera mis was found, some element of doubt existed as to whether 
the disease was really Swine Fever. 

In the filtration experiments (see Appendix 1) there seems to be 
no doubt that the recent outbreaks in the Witwatersrand and in the 
Western Province were due to the filterable virus of swine fever. In 
the experiments carried out at Onderstepoort it would appear that 
mild reactions may occur with some filtrates and that the virus may 
in some cases fail to pass a Seitz filter. 

Survival of the Virus, 

Steyn (1932) quotes the experience of Montgomery in East Africa 
that the virus of that country was viable 536 days in oxalate-carbol- 
glycerine, that blood allowed to decompose for 16 days was still 
virulent and that styes left unoccupied for 5 days after a dead pig 
was removed, were not infective. Steyn found that blood allowed to 
decompose for 70 to 84 days became non-virulent. He was able to 
show that blood preserved in an ice-chest for a year was still virulent. 
He confirmed Montgomery’s observation that styes remain infective 
for less than 5 days after removal of dead pigs. He quotes a case, 
however, where a farmer put pigs into styes, three weeks after 
removal of infected pigs, and the new pigs developed the disease. 

In an experiment on 23rd June, 1934, two pigs, 1000 and 1003, 
were inoculated with 10 c.c. each of a mixture of pig bloods kept from 
Steyn’s experiments in 1928. One of these pigs,^ 1003, reacted and 
died of acute swine fever in 8 days. The other pig reacted and died 
18 days after inoculation. It apparently caught its infection from 
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contact with the other pig as it reacted after its mate died. The blood 
in this case was about 6 years old but had been stored in a cold room 
in the dark. 

(2) COMTLICATIONS WITH SECONDARY BaCTERIAL IotECTIONS. 

From what has been described in the previous pa^es one must 
conclude that swine fever is caused by a filterable virus, but the 
question arises to what extent secondary bacterial infections occur 
in this disease under South African conditions. 

In his experiments on swine fever in East Africa Montgomery 
(1921) mentions that in rare cases he obtained cultures of 1\ suisepti- 
cus from the blood of pigs which had died of the form of swine ievei 
he described. Walker (1933) does not mention having isolated either 
P. suisepticus or S. mipestifer (5. cholerae suis) from his cases of 
swine fever in East Africa. Steyn (1928) obtained staphylococci and 
E, coli from soipe of his cases but no other pathogenic type. Geigei 
(1937) did not find S. cholera suis or P. suisepticus in his cases of 
swine fever of the African type. 

In the early cases of the disease at Gouda in the Western Pro¬ 
vince in 1933, swine fever was not suspected at first and specimens of 
spleen were sent to Onderstepoort in 50 per cent, glycerine saline 
from which a salmonella organism identified as S. cholera suis was 
isolated, and a vaccine was made from it for use in combating the 
outbreak. 

In the first pigs inoculated with material from the Gouda out¬ 
break, pure cultures of a pasteurella organism were isolated from the 
blood, and occasionally in fuither sub-inoculated pigs. No lesions of 
a pneumonic type associated with pasteurella organisms were ever 
encountered in any of the pigs used in the experiments. The experi¬ 
mental work done on laboratory animals and pigs is given in 
Appendix IT. ♦ 

In the course of a large number of inoculations into pigs at 
Onderstepoort about 80 cases have ended fatailly and cultures have 
been made from the heart blood in every case. It is only exception¬ 
ally that paratyphoid bacteria have been encountered and in a small 
percentage of cases bipolar bacteria of the F. suisepticus type have 
been obtained in cultures, especially in jpriinary sub-inoculations 
from natural cases. One must conclude that if paratyphoid organisms 
p*lay any role in the production of lesions in swine fever in South 
Africa it nnist be a very limited one. In one case at Onderstepoort a 
S. enteritidis type has been obtained from a pig which died in a 
nutrition experiment, but no lesions of the type usually associated 
with paratyphoid in pigs were seen. 


(3) Bacteriau Diseases of Pigs Beseubling Swine Fever.. 

Paratyphoid. 

Outbreaks of a disease in pigs have been encountered in South 
Africa in recent years which resembled swine fever, especially macro* 
soopically, but the cause was found to be S. cholera suis. 
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. Martinaglia and Robinson (1932) described an outbreak of a 
disease in pigs in Johannesburg* in which S. cJtolera suis was isolated 
and no association with the virus of swine fever could be demon¬ 
strated. 

An outbreak of a disease in pip was investigated in 1937 at a 
ffarm in Johannesburg where a big outbreak of swine fever had 
bccurred in 1934. From some of the cases from which materia)! wa^ 
sent for investigation, paratyphoid was finally diagnosed, although 
t\i first swine fever was suspected. The results,of the investigations 
are recorded* in Appendix Ill. 

Blood samples from some of the pigs were inoculated into 
susceptible pigs. One of these pigs developed a slight temperature 
reaction, so it vwas bled and its blood inoculated into two susceptible 
pigs. These did not develop any symptoms of illness. 

In view of the fact that no definite diagnosis had been made, a 
second visit w^as paid to the farm two w^eeks later, by which time 109 
pigs had died. The mortality was still occurring at random in the 
pens. The chief symptoms noticed were w'eakness of the hind limbs 
and listlessness. 

At this second visit seven pigs were available for post-mortem 
examination. The result of this led to the conclusion that there 
appeared to be lesions of swine fever but of a slight and subdued type 
or masked by paratyphoid lesions. It appeared as if swine fever of 
a less virulent type than usual w’as being dealt with. The low mortal¬ 
ity rate and the presence in some cases of “ boutons ’’ in the intestine 
brought the disease more in line with the Euiopean type of swine 
fever. The result of the histo-pathological examination of the organs 
from these (?ases, the results of the cultural examinations and the 
inoculations of blood of five pigs into susceptible pigs are given in 
Appendix VII1. 

It will be seen that S. cholerae suis was obtained from five of 
the cases and that the blood inoculations were uniformly negative. 
A series of inoculations into susceptible pigs was carried out with 
cultures of the S, cholera suis strain obtained from the outbreak. 
Apart from intravenous inoculation which produced acute 
septicaemia, the other experiments gave negative results. Susceptible 
pigs injected intravenously with 24 hours broth cultures of the strain 
cholerae showed a marked febrile reaction commencing on the 
day of inoculation and continuing until the pigs died on the fourth 
day. They showed no other symptoms except redd^ening of the skin 
and cyanosis. 

However in the histological examination in no single case were 
the lesions typical of swine fever seen, although the naked eye lesions, 
e.g., reddening of the skin, reddening of the lymphatic glands, etc., 
in some cases suggested it. 

A , further outbreak occurred on the same estate early in 
DecernW, 1939. During the investigations carried out (see 
Appendix III) the post-mortems^ revealed haemorrhages in the skin, 
severe gastritis with diphtheritic membranes, enlargement of the 
spleen, haemorrhagic periportal lymphatic glands, etc. In some, 
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alight haemorrhage waa noted in the fcidnejr. The officer canying 
out the first mvestigations expressed the opinion that the disease was 
strongly suspicious of swine fever. Further post-mortems subw- 
quentiy^ conducted at Onderstepoort ag«^ resulted in a tentative 
diagnosis of swine fever. Blood was inoculated into susceptible 
pigs, cultures made, and suitable material collected for a careful 
histological examination. On the 28th December Dr. Thomas of the 
Pathological Section, Onderstepoort, however reported that although 
the macroseopical fi,ndinpt (e.g., ecchymoses lungs and kidneys, 
cyanosis and haemorrhosis skin, etc.) in the first lot of pigs were 
sugMstive of swine fever, the tjrpical lesions of this disease could 
not be confirmed histologically and a definite diagnosis of paratyphoid 
was made. 

Typical lesions of paratyphoid were encountered, characterised 
by scattered pin point necroibc foci in the liver. Isolated necrotic 
centres were also encountered in the si>leen and lymphatic glands of 
some of the cases. The histological diagnosis was supported by the 
bacteriological examination of the blood which revealed u pure 
culture of S. cholera suis. Furthermore no reactions occurred in the 
susceptible pigs inoculated with the blood. 

The contributory cause of this outbreak may have been the heavy 
rains, which greatly affected the hygienic states of the styes, there 
being a shortage of shavings and sawdust. There was undoubtedly 
also considerable overcrowding of the pigs. It would appear that the 
mortality occurred in those pigs which had been introduced during 
the previous three weeks 

Hutyra and Marek (1926) discuss paratyphoid in pigs and 
maintain that the intestinal lesions are frequently indistinguishable 
from those of swine fever. In an editorial on swine fever and para¬ 
typhoid in pigs in the Journcd of Comparative Pathology (1933) the 
question of the relationship of the two conditions is discussed at 
length. Waldmann (1932) as a result of his studies on swine fever 
comes to the conclusion, however, that diagnosis by animal inocula¬ 
tion does not yield positive results in more than 50 per cent, of cases, 
^o further articles on paratyphoid which raise many points of 
interest are those by Shanks and Lamont (1938) and a circular notice 
(1938) by the i^search Department of the Baccm Development Board 
of Great Britain. In the former the disease investigated by them 
was commonest in pigs eight to fourteen weeks and took the form of 
necrotic enteritis with ocrasional ssrmptoms of pneumonia. All 
attempts to show anjy association with the virus of swine fever failed. 
In the latter publication reference is made^ to the importance of 
predisposing causes in oases of necrotic enteritis caused by S. cholerae 
smu. 

Conclusions. 

Although^ the lesions in these Savoy Estate outbreaks somewhat 
resembled swine fever, especially macroscopioally, it would, how¬ 
ever, appear that the disease was paratyphoid for the following 
reasons:— 

(a) The blood of infected pigs injected into susceptible pigs 
failed to produce any reaction; 
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(b) paratyphoid organisms were isolated from most of the 
cases; 

(c) the mortality ceased of its own accord after a small pei- 
centage of the pigs had died; 

(d) the microscopical lesions encountered were those of para¬ 
typhoid, and not of swine fever; 

(e) apparently the following predisposing causes played an 
important part in these outbreaks, viz., newly introduced 
pigs, excessive rains which markedly ajffected the hygienic 
state of styes, overcrowding, etc. 


(4) The Relationship between the Eubopean and African 
Swine Fever Viruses. 

Walker (1933) mentions that Montgomery sent blood from cases 
of East African Swine Fever to England but Stockman was unable 
to record a single survival when pigs immune to European swine 
fever were inoculated with it. Even hyperimmnue pigs succumbed. 
Virus and antiserum were obtained by Montgomery from England 
but when he inoculated pigs immunized with the virus and antiserum 
with blood from cases of East African swine fever, they invariably 
succumbed. No success attended attempts to protect against the 
disease with antiserum obtained from Budapest (Hungaiy) or from 
America. Pigs inocailated wiih the appropriate dose of antiserum and 
exposed to ihe East African disease by contact developed the typical 
acute type of the infection. Owing to the limited success which has 
attended the immunization of pigs against East African swine fever, 
it has not been possible to reverse the experiment and test the 
immunity of pigs immune to tlie East African disease against the 
European or American types. It has been shown by Hupbauer 
(1934) that a plurality of viruses of European swine fever does not 
appear to exist. If it did the immunization of pigs against swine 
fever would naturally become much more complicated. 

In order to see whether there was any antigenic relationship 
between the South African and European types of swine fever the 
following experiments were carried out. The virus used was blood 
of a pig which died of acute swine fever as a result of inoculation 
with blood of a pig in the Johannesburg outbreak referred to else¬ 
where . The virus will be referred to as 1006. The serum used was 
imported from the United States of America. 

In the first series of experiments the virus was inoculated under 
the skin of one thigh and the serum under the skin of the other one. 
Later the method was changed, the virus and serum being incubated 
together for 3 hours at 37® C., left in the refrigerator overnight and 
then incubated again for one hour before inoculation. This latter 
method was suggested by Alexander (^36) as a result of his experi¬ 
ence with horsesickness serum virus inoculation in white mice. 


The results of these experiments are given in Appendix lY. 
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Qonclusiolu. 

The experiments detailed in Appendix lY are still incomplete. 
Owing to the extreme infectmtjr of the disease it has not been 
possible to carry out many experiments at one time. 

It would, however, appear that where a small dose of viras is 
incubated inth antiserum, there is complete neutralisation without 
any immunity developing subsequently. In the earlier experiinents 
done without incubation of the serum-virus mixture, there were indi¬ 
cations that the serum delayed the onset of S 3 rmptoms. There is a 
definite indication that a relationship exists between the viruses of 
European and South African swine fever m judged by these experi¬ 
ments and that the two viruses have an antigenic factor in common. 


(5) The Paut ri:.Am) by Carhiees. 

Walker (1933) was unable to demonstrate that the blood of 
recovered pigs harboured the virus. Steyn (1931) showed that a 
recovered pig harboured the virus in its blood two months after 
re^very. Unfortunately he did not continue the experiment beyond 
this point. Waldmann (1932) in referring to the persistence of the 
virus in animals that have recovered from an acute infection, with 
or without being subsequently unhealthy in appearance, stated that 
it is not denied that such animals may be carriers of the disease, 
but little is known as to the proportion of carriers and the form 
and the duration of the excretion of the virus. 

A few experiments were undertaken recently at Onderstepoort 
with the blood of pigs which had survived attacks of swine fever on 
several farms in the Piquetberg district of the Western Province. 
Blood WM obtained from eight pigs which were slaughtered during 
the eradication campaign in the Western Province. 

The results of these experiments are given in Appendix Y. 


Conclusions, 

The blood of six out of ten pigs which had shown s 3 rmptoms of 
illness during outbreaks of swine fever, prpved infective for susceptible 
pigs. In some of the cases rwovered pigs harboured the virus for ten 
months in the blood. Experiments were not carried out beyond this 
point. 


Wild Pigs as Carriers of Swine Fever, 

Montgomery (1921) showed that the blood of warthogs and bush 
pigs in Een 3 ra might contain the virus of East African swine fever, 
as demonstrated by inoculation of susceptible pigs. Walker (1983) 
fotind that warthogs experimentally infected with the virus did not 
develop symptoms but harboured the virus in t^ir blood 
subsequenuy. Steyn (1931) .found_ that blood of three apparently 
normu wamogs from the E’ortheni l^ansvaal harboured the virus 
of swine fever. Both Hontfpmery and Walker failed to demonstrate 
mat contaet of susc^tible pigs with warthogs Whose blood harboured 
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the virus of East African Swine Fever resulted in infection of the 
pigs. In the case of the warthog, the virus is not excreted in the 
faeces and urine. For this reason Walker has put forward the idea 
that the infection is transmitted from warthogs to pigs by an insect 
vector. 

Geiger (1937) mentions that with the European type of virus 
he was able to infect a young wild boar experimentally and it died 
on the 12th day after inoculation. A full-grown wild boar showed 
no symptoms even after inoculation with big doses of a very virulent 
virus, but it excreted the virus. The American wild pig, the peccary, 
develops no symptoms but harbours the virus in the blood if inoculated 
with the European type. 

With regard to the part played by wild pigs as carriers of the 
infection in South Africa, ten samples of blood iProni warthogs have 
been examined, with results as set out in Table III. 


TABLE III. 


Blood Samples of Warthogs injected into Domestic Pigs. 


No. 

of 

Pig. 

Origin of Blood. 

i 

Result. 

724 

Berg en Dal, Potgieteramst. 

Reaction with recovery. 

725 

Borg en Dal, Potgietersmst. 

Blood subsequently found infective. 

726 

Gruiapan, Potgietersmst. 

Reaction with death. 

727 

Welgemoed, Potgietersrust. 

Reaction with death. 

738 

Oranjefontein, Koedoesrand, Potgieters- 
rast. 

No reaction. 

737 

Umfolosi Game Reserve, Natal. 

No reaction. 

737 

Umfolosi Game Reserve, Natal. 

No reaction. 

1047 

Koedoesrand, Potgietersmst. 

Reaction with death. 

1058 

Koedoesrand, Potgietersmst. 

Reaction with death. 

1105 

Crown Lands, Louis Trichardt. 

No reaction. 

1106 

Gravelotte, Pietersburg. 

No reaction. 


From the above it will be seen that some of the blood samples 
from apparently healthy warthogs collected in the Potgietersrust 
district produced reactions to swine fever with death when injected 
into susceptible (domestic) pigs. The pathological-anatomical and 
histological diagnosis of some of these cases are briefly enumerated 
in Table IV. 
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TABLE IV. 


No. 

Date of Death 

FaAologM 


Of Fig 

P.M. No. 

Anatomical 

Histological Diagnosis. 

Injee- 

iid. 

Spec. No. 

Diagnosia. 



726 


24/6/31 PJft. 10861 
Spec. No. 11760 


727 


30/6/31 P.M. 10415 
No speoixiieiiB col¬ 
lected 


1047 


6/11/34 P.M. 13720 
Spec. No. 15627 


1058 


31/1/85 P.M. 13027 
Spec. No. 16000 


Hydropericard: JSzteiuiive 
haemorrhage of lymphatic 
glaodr eapeciaUy periportal. 
Numerous aubcapaular and 
intracortical haemorrhages 
kidney. Coagulated blc^ 
caecum and colon with 
numerous haemorrhages in 
mucosa. Haemorrhage 
perirectal tissue 


Hydropericard: subepicar¬ 
dial haemorrhages. Mar¬ 
ked oedema and hyper- 
aemia lungs. Degenera¬ 
tion myocard. Tumor 
splenis. Extensive hae- 
lymphatic 


Subcapsular and intraoor- 
tical haemorrhages kidney. 
Subpleural haemorrhages. 
Haemorrhages in stomach 
and small intestines. Crou¬ 
pous typhlitis and colitis. 

Hyperaemia lungs and liver, 
fettling of perifK>rtal lym¬ 
phatic glands. Slight 
tumor splenis. Haemorr¬ 
hages cortex kidney. Ex¬ 
travasation left endocard. 
Slight hyperaemia stomach. 
Extensive haemorrhage 
peritoneal cavity with 
blood in pelvic region. 
Haemoirha^ in bladdei*. 


Extreme extravasation of 
blood in sinuses of lypph 
gland-~pigmentation. ^ere 
is practicfuly no hyalinisation 
of vessels or karyoirhexis. 

Spleen: Marked haemorrhages 
in pulpa; Sbhwrigefr-Seidel 
Sheath disap^red. 

FaUklee only slightly atroi^ied. 
Relatively slight karyorrhexis. 

Kidney: pimctiformhaemorr¬ 
hage cortex; hyalinisation 
glomeruli, droplet degenera¬ 
tion. 

Liver: hyperaemia and slight 
diffuse karyorrhexis. 


Sj^n: No trace of Sohweiger- 
Sridel sheath; follicles are 
indistinct and some show 
karyorrhexis (early). There 
is no marked haemorrhagic 
effusion. 

Lymphatic gland: Severe hae¬ 
morrhage ; Ka^orrhexis 
slight; hyalinisation very 
el&t; follicles indistinct. 

Kidney: Slight hyalinisation 
and karyorrhexis of vessels. 

Brain: Nothing unusual. 

Heart: Myocard—nothing un¬ 
usual. 


Localised degenerative 
changes liver, Haemorr- 
hagio ittflltiation gall blad¬ 
der. Hyperaemia peripor¬ 
tal lympnatic glands. Hy- 
persemia smul jntesirine. 
Hyght hypmemia stomadi 
and large intestines. Hy- 
droperitoneom and hydro¬ 
thorax 


Liver: Fairly extensive intra¬ 
lobular patches like blood 
lagoons aom which liver cells 
have disintegrated; neomsiB- 
karyonhexis. 

Brain: Nothing unusual. 

Kidney: Small haemorrhages. 

Oland: Extensive kacyorr- 
hexiB and hyalinisation; fol¬ 
licles dktittct. 

Spleen : Schweimr - Seidel 

Sheath dhs^peaiiad. Blary- 
onhexis axtenaive. 
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From Table lY it would appear that the lesions seen, although 
perhaps less significant, are nevertheless characteristic in all respe^s 
of swine fever. One gets the impression that these cases ran a 
peracute course and that consequently the lesions did not develop to 
the usual extent, particularly in respect of hyalinisation, thrombosis 
and karyorrhexis of the endothelial lining of smaller blood vessels. 

(G) Study of the Disease in Small Animals. 

As a result of the work of Theiler (1931) with the virus of yellow 
fever many attempts have been made to establish the filterable 
viruses associated with many diseases of man and domesticated 
animals in laboratory animals in order to facilitate research on these 
viruses. Great progress has been made in research on yellow fever 
as a^ result of the discovery that it could be transmitted to white mice 
by intracerebral inoculation. The discovery that foot and mouth 
disease could be transmitted to guinea pigs very greatly facilitated 
research on this disease. More recently Alexander (1933) and 
Nieschulz (1933) have shown that the virus of horsesickness can be 
transmitted to white mice and guinea pigs by intracerebral! inocula¬ 
tion, the virus becoming neurotropic in mice. 

No record could be found in the literature of any attempt t(? 
transmit the swine fever of Europe and America to laboratory animals 
by intracerebral inoculation. It has been attempted in recent years 
as a result of the aucM’ess which has been achieved with some of the 
filterable viruses, but the results have been negative and subsequently 
not recorded. 

Dr. Alexander of this Institute attempted to transmit swine fever 
to white mice by intracerebral inoculation using the technique which 
had been so succ^essful in the case of horsesickness. Fresh defibrinated 
blood from a pig at the height of the swine fever reaction was used 
but no success attended the experiment. Subsequently the writer has 
made repeated attempts to transmit the disease to w^hite mice and 
guinea pigs but w’ithout success. Owing to the fact that in the 
primary inoculalions wuth yellow fever and horsesickness, only some 
of the inoculated mice developed the disease and sometimes with a 
long incubation period of up to 18 days, the animals in the experi¬ 
ments were kept for at least 20 days before being discharged. In all 
the inoculations into white mice, half grown animals were used as in 
them it is possible to push the needle directly through the skull into 
the brain instead of inoculating through the occipital foramen. In 
the case of the guinea pig, again half grown animals w^ere used. For 
inoculation of guinea pigs intracerebrally a method employed by 
Mason at Onderstepoort in attempts to transmit blue tongue anil 
heartwater to these animals was used. 

The results of these experiments are given in Appendix VI. 


Conclusions, 


These experiments are in the nature of a preliminary investiga¬ 
tion and further attempts wiU be made to see whether the virus of 
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swine fsTer can be acclimatized to laboratory animals. The indica¬ 
tions at present are that the virus cannot easily be so adapted, the 
attempts to transmit the infection to laboratory animals having failed 
up to the present. 

(7) Immunization against Swine Fever. 

Walker (1933) and Geiger (1937) record attempts to immunise 
pigs against African swine fever. Neither had much success with 
attenuated virus or organ extracts treated with various chemicals. 
According to Geiger (1937) on actcount of the trouble in getting 
recovered pigs, the preparation of an immune serum presents g^at 
difficulty. The results of serum virus inoculations are only of limited 
value. An immunity of a durable nature type cannot be obtained. 
Walker (1933) as a result of an experiment which he carried out 
maintains that in contrast to swine fever, African virus shows a 
plurality of strains. 

On account of the fact that the policy of the government in South 
Aifrica in the eradication of swine fever was the slaughter one, and 
the fact that the facilities were unsatisfactory, attempts at the 
development of a method of immunization were not actively pursued. 

Ill view of the recent success attained by McBryde and Cole 
(1936) with the immunization of pigs against swine fever with virus 
attenuated by the addition of crystal violet, some experiments were 
carried out to study the effect of crystal violet on swine fever virus. 
The technique employed followed the lines of that recommended by 
Dorset and described by McBryde and Cole. 90 Parts of virulent 
defibrinated blood from pigs in the acute stage of the disease were 
mixed with 10 parts of a 1 per cent, aqueous phenol solution and then 
with 5 parts of an aqueous 1 per cent, solution of pure crystal violet. 
The mixture was incubated at 37'6® C. as recommended by Dorset but 
the time taken to render the virus attenuated had to be established. 
For this purpose the experiments as detailed in Appendix III were 
carried out (see Appendix VII). 

Conclusions. 

No success attended attempts at attenuating the virus of swine 
fever by the use of the crystal violet method ot Dorset. 

HISTORICAL. 

The earliest report of the existence of swine fever in South 
Africa is by Hutcheon (1903) who recorded its occurrence at the 
Government farm, Oiwt Constantia, Cape Peninsula, and 
immediately afterwards in the Paarl district. On investigation it 
was found that this disease had been very widespread and a heavy 
mortality had occurred. It had not been reported to the veterinary 
department either, having been concealed or mistaken for a 
parasitic broncho-pneumonia which had previously caused heavy 
losses. Hutcheon was of opinion that the disease had probably been 
in existence for more than two years in the affected areas, particu¬ 
larly on the Cape Flats. He introduced strin^nt control measures 
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which included slaughter and burial of infected pigs^ disposal of 
healthy pigs to the butcher and no introduction of fresh pigs to .the 
farm for six months. Destruction of manure and thorou^ disinfec¬ 
tion of the premises were undertaken. Only two outbreaks are 
recorded in 1905, both in the Malmesbury district of the Western 
Province. 

Robertson (1905) in commenting on these early outbreaks refers 
to the absence of restrictions on the importation of pigs, either from 
other South African colonies or from England. He considered the 
disease may have been introduced prior to 1900, but that it was 
confused with broncho-pneumonia, or that occult cases or carriers 
had been introduced and had been responsible for the outbreaks. He 
pointed out that an extended quarantine period would be necessary 
in order to eliminate these latter cases. In describing the symptoms 
he refers to staggering gait, weakness of the hindquarters, large 
blotches on the skin of the neck, at the back of the ears, on the thighs, 
etc. A cough might be observed. The course was two to three days 
or longer in some cases. He laid emphasis on the changes in the 
digestive organs whereas pneumonia occurred in a number of cases. 
He described ulcers, single or confluent, varying in shape, from a 
yellowish grey to a black colour and usually circular in form. In 
the absence of these lesions Robertson considered a diagnosis of 
swine fever doubtful without further evidence! He noted the 
haemorrhagic appearance of some of the lymphatic glands, 
particularly the inguinal and those at the base of the lung. 

As early as 1903 Stockman refers to outbreaks of swine fever 
in the Transvaal and considered that it had not as yet gained a 
footing. Provisions were made in Government Notice No. 834 of 
1903 to deal with the’disease. An outbreak of what was undoubtedly 
swine fever was diagnosed in the Krugersdorp district of the Trans¬ 
vaal in 1903. The pigs had been bought on the Johannesburg 
market but their origin could not be traced further. The outbreak 
was stamped out successfully. Stockman mentioned the i)art played 
by chronic r^ases or those not showing symptoms in the spread of the 
disease. 

Gray (1904) records further outbreaks in the Pretoria and 
Krugersdorp districts of the Transvaal. These were stamped out 
by the usual methods, but the fear was expressed that the disease had 
gained a footing. 

Theiler (1905) was inclined to connect the outbreaks in the 
Transvaal with those in the Cape and therefore prohibited the intro¬ 
duction of swine from that Colony. The pathological anatomical 
diagnosis of swine fever appears to have been beyond doubt (the 
photographs of Theiler show typical boutons ”). 

In the blood inoculation experiments carried out by Theiler in 
1905 interesting lesions were manifested. Changes in the mucous 
membrane of the gastro-intestinal tract varied from deep congestion 
with areas of commencing necrosis to advanced areas of necrosis in 
the large intestine. In a number of cases no* changes are recorded 
in the spleen, kidneys and liver, and in some diffuse reddening* and 
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lutemorrhages under the skin are mentioned. In a number consoli¬ 
dated areas in the lung are referred to and in a few, small 
haemorhages in the kidneys are recorded. In some the lymphatic 
glands are said to be congested and swollen. 

Theiler came to the conclusion that the disease investigated by 
him in the Transvaal resembled hog cholera of America and the 
swine fever of Europe. He was however never able^ to trace B, 
tuipestifer and concluded that the presence of this bacillus was not 
necessary for the development of swine fever. 

With reference to the socalled swine plague which he also 
investigated at that time, Theiler maintained that in South Africa 
under natural conditions idle lesions of swine plague are found as a 
rule associated with true swine fever. There was only one spasmodic 
case of swine plague in which B. »ui»epticus was found and where 
swine fever had to be excluded. 

Gray (1906) refers to further outbreaks in the Transvaal, some 
stated to be complicated with swine plague, and he was of the 
opinion that the number of outbreaks reported did not truly reflect 
the actual position as many outbreaks were probably not reported. 

In the reports of the Principal Veterinary Officer of the Union 
of South Africa from 1910-1918 references are made to swine fever 
outbreaks. Three outbreaks were reported in 1910 and in 1912 
twenty outbreaks in the Western Province were effectively dealt 
with. In 1917 ten outbreaks with a heavy mortality were reported 
from five districts of the Western Province. Further outbreaks 
occurred in these areas in 1918 and cases were reported in the 
Eastern Province at Somerset East and Longhope. These outbreaks 
were effectively dealt with. It must be emphasized that these 
outbreaks were diagnosed on clinical and post-mortem findings, and 
it was- assumed that they wbre the European type of swine fever. 

Ho further outbreaks were recorded until 1926, when an investi¬ 
gation was made into a very virulent disease of pigs occurring in the 
Potgietersrust district of the Northern Transvaal. The farmers in 
the locality were unable to keep pigs on account of this disease and 
the mortality in some instances was 100 per cent. Pigs running 
free on the farms-were most affected and w^rthogs were reported to 
occur in large numbers on the infected farms. Steyn (1928) investi¬ 
gated this disease and came to the conclusion that it was the same as 
that described by Montgomery (1921) in East Africa and called 
“ East African swine fever ”. Steyn (1932) showed that the disease 
was cau^ by a virus which could pass a Seitz filter. After sub- 
inoculation of the virus the incubation period was thirty-six hours to 
four days. After the initial temperature the period up to the time 
of death was usually two to three days, but in one case it lasted as 
long as eleven dajrs. The disease was therefore very acute and the 
temperature sometimes reached 168^ F. The most important post¬ 
mortem chanMB described by Steyn were a croupous pneumonia, 
haemorr^ge foci in the lungs, haem^bagic infiltration of all the 
lymphatic glands and the Hdneys and a croupous typhlitis. In 1931, 
1982 and 1983 several faiiiy large outbreaks occurred in both the 
Ifon^amdiei^ and Pietersburg districts of the Northern Transvaal 
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with heavy mortality. The infection could not be traced to direct 
contact with warthogs but it was strongly suspected that that was 
the source of infection. Blood from some warthogs harboured the 
virus whereas recovered pigs might harbour the virus for two months 
in their blood. Steyn suggested that farmers in warthog areas 
should not keep pigs on account of the danger to the pig industry 
in general. 


DISCUSSION. 

According to the above historical review it would appear that 
swine fever of the Eurojiean type and resembling hog cholera of 
America appeared in South Africa about 1900. A(;cording to Robert¬ 
son the disease was probably introduced into South Africa by means 
of infected animal products, occmlt cases, or carriers. The symptoms 
described by Robertson in many resjiects resemble the acute cases of 
swine fever seen in the Western Province and Transvaal from 1933 
onwards, namely staggering gait, weakness of the hindquarters, and 
large blotches on the skin of the neck. Robertson also refers to the 
haemorrhagic apj)earance of some of the lymphatic glands. Theiler 
connected the 1905 outbreaks in the Transvaal with those in the 
Cape and prohibited the introduction of pigs from the Cape Colony. 
In ex})eriments carried out, Theiler came to the conclusion that the 
disease in pigs produced hg the inoculation of blood resembled hog 
cholera in America and European swine fever. Amongst the post¬ 
mortem changes described, the presence of haemorrhages under the 
skin and in a restricted number of cases small haemorrhages in the 
kidneys are mentioned besides consolidated areas in the lung and 
swelling and congestion of the lymphatic glands. Theiler also 
referred to the presence of boutons ** in the large intestine and in 
his photographs these lesions are very well rej)resented. The disease 
in each of the larger outbreaks from 1900 onwards died out or was 
eradicated by the methods and precautions undertaken. 

From the records it would appear that the disease did not make 
its re-appearance in South Africa in an epizootic form for several 
years. After 1926 intermittent outbreaks of a very virulent and 
infectious disease occurred in the Northern Transvaal, i.e. some con¬ 
siderable distance inland. Some of these outbreaks were 
investigated by Steyn and others and they were of the 
opinion that the disease was identical wuth the African virus disease 
of pigs described by Montgomery in East Africa. On post mortem 
there were invariably present subendocardial haemorrhages in the 
left ventricle, marked tumor splenis, haemorrhages in the kidneys, 
haemorrhagic changes in most organs especially in the periportal 
lymphatic glands. From his description of the disease and from 
the description of the cases in the recent Witwatersrand-Western 
Province outbreaks it would appear that the disease investigated by 
Steyn and by the authors was one and the same. 

The macroscopical and microscopical changes described in this 
paper resemble the acute cases described by Seifried, Geiger and 
others, in case of the European virus, namely, haemorrhages in 
various organs, especially in the lymphatic glands, urinary apparatus, 
atomach, intestinal tract and in the skin. Reference is made to the 
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haemorrtiagic and marble-like appearance oi the lymphatic glands. 
Geiger states that in the first ins^nce damage to the vascular walls 
takes place in the form of a degeneration of %e vascular endothelial 
cells and. necrosis^ a hyalinisation of the capillaries and precapil¬ 
laries. 

The swine fever lesions observed in South Africa are in general 
perhaps more acute, especially in respect of capillary injury. The 
absence of cerebral peri-vascular cellular infiltrations in the South 
African specimens should be noted but it is interesting to state that 
Seigfried has already expressed doubt as to the specificity or signifi¬ 
cance of these cerebral lesions in true swine fever. 

Geiger reiKJrts that the hyper-immune serum prepared from the 
European virus had no effect on the virus from South Africa and 
from various data collected by him these two diseases should be 
regarded as aetiologically different. Although the earlier experi¬ 
ments on cross immunity between the European and African viruses 
gave no indication of a relationship between the two, the recent 
experiments at Onderstepoort would seem to ^ive an indication that 
the two diseases have an antigenic relationship. 

It is therefore quite likely that probably more than one strain 
of swine fever virus exists and that the South Africnn one is parti¬ 
cularly virulent. Analogies of this are furnished in case of the other 
viruses, e.g. horsesickness, blue tongue, foot and mouth disease, etc. 
In case of the Tssaneen horsesickness strains obtained by passage 
through a number of generations it was found that the one grou]) 
remained extremely virulent with a mortality of about 100 jjer cent, 
in susceptible horses, whereas in the other group attenuation took 
place and the mortality was reduced to about 15 per cent. In their 
respective passages the highly virulent Tzaneen strain continued to 
produce symptoms and pathological changes associated with the 
respiratory system, whereas the more attenuated strain invariably 
produced the cardiac form of horsesickness. Although there was a 
definite antigenic relationship between them (both derived from the 
same virus), the more attenuated strain only partially protected 
against the virulent type in a small percentage of animals. The 
study of the possible existence of “ several strains of swine fever 
virus is to be continued. Experiments have also been planned to 
study the effect of the passage of the European strain of virus in 
wart nogs. 

Swine fever in the Onderstepoort experiments has been of such a 
virulent nature that there has been little opportunity of studying the 
problem of immunity,, especially in recovered animals. Although 
some limited success has attended attempts to immunise pigs, the 
immunity produced does not appear to be very strong. Unfortunately 
experiments of this nature have been hampered by the fact that up 
to the present it has not been possible to transmit the virus of swine 
fever to laboratory animals more suitable for immunity observations 
on a large scale. 

In respect of the spread of the disease during the recent out¬ 
breaks, espeeially in the Western Province, it will be seen that it was 
comparable to that of the European disease as described by Geiger. 
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From the above remarks it would therefore appear that the 
disease described by Hutcheon and Robertson in 1903 and later by 
Theiler in 1905 was the same as the disease investigated by Steyn 
in 1928 and by the authors from 1933 onwards. Furthermore the 
disease investigated on several occasions in South Africa resembles 
the acute form of European swine fever. 

The disease in South Atric;a is evidently of a jiarticularly virulent 
character and usually manifests itself in the form of an epizootic. 
Judged by the absence of reports of mortality in pigs it would seem 
that the Union has for periods of several years been free of this 
disease, whereas in most European countries it has remained 
enzootic. Has this been due to the elimination of the virus carrier 
by the slaughter out policy adopted as soon as outbreaks were 
reported? Did environmental factors and the fact that few pigs in 
the larger i)art of the Union are scattered over wide areas contribute 
to this? After these long spells of freedom from the disease where did 
Uie recent outbreaks originate? Apparently the recent Western 
Province outbreaks stand in relation to the occurrence of the disease 
in the Witwatersrand area. How was the virus introduced into this 
latter area, seeing that it is situated fairly far inland and was 
j)robably not due to the introduction of inferled animal products or 
shii)’s garbage, responsible for the 1927-1928 outbreaks in Australia 
according to Seddon and Blumeii (1931)? Indications are that the 
disease during the recent Witwatersrand outbreak came from the 
JVorthern Transvaal in j)igs moved to the Johannesburg market. It is 
doubtful whether this disease could have smouldered in domesticated 
pigs in Northern Transvaal without manifesting itself sooner or later. 
The disease is of such a virulent nature with high mortality that it 
could not have been su])pressed for long intervals. 

Is the virus in South Africa maintained in a limited number 
of wild pigs in certain areas of the Northern Transvaal? It is not yet 
known to what extent wild pigs are infected in this area and how 
infection is transmitted to domesticated pigs (whether by contact or 
insect transmission). Such transmission from the wild pig to the 
domesticated pig probably does not occur frequently and that may 
ex])lain the peculiar intermittent incidence of this disease in South 
Africa. In the investigations carried out it was shown that the 
virus collected from clinically healthy warthogs could produce a 
form of disease indistinguishable from the one derived from domesti- 
('.ated pigs. A point to be investigated in the near future is to ascertain 
whether the European strain ’’ of virus in passage through the 
wart hog becomes exalted. Has the warthog adapted itself to the 
virus and did the original swine fever virus of domestic pigs come 
from wild pigs? (c./. trypanosomes in game). 

Steyn refers to the fact that recovered domesticated pigs harbour 
the virus for period of two months. Unfortunately he did not 
carry the investigations beyond this point. From the investigations 
with pigs which survived during the recent outbreaks in the Western 
Province it was found that the' blood of some remained infected for 
susceptible pigs for a period of ten months. In some of the outbreaks 
a few pigs recovered from the acute disease but remained in poor 
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condition and showed a scaly condition of the skin. In the Western 
Province swelling of the joints of the legs was noticed in some of the 
recovered cases. The vims of swine fever belongs to the class of very 
resistant viruses. From experiments carried out it was shown that 
it survived for a period of six years if kept in a refrigerator in the 
dark, but decomposition will render it non-infective in about 70 days. 

A bacteriological examination was carried out in all cases investi¬ 
gated during the recent outbreaks, and complications with secondary 
bacterial infections such as P. suisepticus and S, cholerae suis 
occurred only in a limited number of cases. In two recent outbreaks 
of a disease in pigs with fairly high mortality the aetiological factor 
was suspected to be S. cholerae svis. In most of these cases the 
symptoms were acute and macroscopically some of the lesions 
resembled acute swine fever. The disease in both outbreaks died out 
without causing a high mortality and the blood of infected pigs did 
not produce swine fever. Waldinann, however, states that in herds 
infected with the acute or chronic form of the disease, diagnosis by 
animal inoculation did not yield positive results in more than 
50 per cent, of the cases. It would appear that in South Africa as 
in Europe and elsewhere outbreaks of paratyphoid do of?cur and may 
sometimes assume a septicaemie form. 

It will be interesting to ascertain how far JJ. suipestifer is 
mainly or entirely responsible for the structural alterations in the 
bowel, especially the diffuse diphtheritic inflammation and the forma¬ 
tion of “ boutons ’’ in the caecum and colon. In the recent outbreaks 
of Swine Fever in South Africa such changes were significant for 
their absence and from the large number of investigations carried out 
in which blood cultures were undertaken it would appear that these 
organisms were rarely present. Probably the disease in South Africa 
is of such a virulent nature that secondary organisms are noi 
afforded a chance of developing the lesions of diphtheresis, 
boutons etc.. 


CONCLUSIONS. 

1. It is believed that various outbreaks of swine fever in South 
Africa have probably occurred since 1900. The disease in domestic 
pigs produced by the blood of warthogs resembled the European 
disease. Probably in swine fever, as in many virus diseases, more than 
one strain of virus exists. 

2. Reference was made to the virulent nature of this disease in 
South Africa, and the fact that it does not progress as an enzootic 
as in European countries. A number of recovered animals harboured 
the virus for long periods. 

3. It is quite likely that the virus in South Africa may also be 
maintained in a limited number of warthogs in certain areas of 
Northern Transvaal where domestic pigs occasionally become 
infected. That may explain the intermittent incidence of this disease 
in South Africa. 
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4. From the investigations carried out it would appear that 
the following may occur in South Africa: — 

(a) TTncomplicated very acute form of swine^ fever without 
manifestations of boutons ”, diphtheresis, hepatization 
of the lungs, etc. 

(b) Swine fever possibly complicated by such secondary infec¬ 
tions as S. cholerae suis and B. suisepticus. 

(c) A septicaemic type of S. cholerae suis infection in an 

enzootic form and probably associated with such predispos¬ 
ing causes as bad hygiene, overcrowding, defective feeding, 
etc. 

5. A description of the main pathological changes is given, and 
the value of the histological examination of organs for diagnostic 
purposes is discussed. 
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APPENDIX I. 


Filtratxm, experiments carried out to ascertain whether the outbreaks were 
due to the virus of swine fever or to a bacterial infection, and to study the 
nitration properties of the virus. 

Experiment 1.— 

Pig 952 was inoculated with 5 c.e. of hltrate of blood from a pig 
which had just died from swine fever. The blood was laked by :^e addition 
of distilled water and salt was added to make the concentration .85% 
A Seitz filter with one asbestos disc was used. The inoculated pig did not 
develop any symptoms and was found to be susiseptible when subsequently 
inoculated with virulent unfiltered virus. 

Experiment 2.— 

Pig 956 was inoculated with 6 c.o. of filtrate of blood from a case, 
and made in the same way as in the previous experiment. No reaction 
occurred. 

Experimeni 8 .— 

Pig 967, was inoculated with 10 c.c. subcutaneously of a filtrate from 
virulent swine fever blood. Again no reaction occurred. 

As tte Ablation experiments with the Seitz filter had not Miown the 
vinm to be filterable it was decided to try Berkefeid filters. Infective 
blood was prepared in the same way as for the Seitz filtration experiments 
and passed 'threiiig^ a Berkefeid N filter under low pressure. Larger 
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quantities of this filtrate were used than of the Seitz as it was thought 
that perhaps the quantities used had been too small. In Steyn’s experi- 
ments (1928) 2.5 c.c. of a Seitz filtrate was fatal. The Berkefeld filtrate 
was sterile on the two occasions when it was made. 

Experiment 4.— 

Pig 934 received 50 c.c. of a Berkefeld filtrate subcutaneously. It 
showed a typical reaction and died of swine fever on the 6th day. Another 
pig 935 received 40 c‘.c. of another Berkefeld filtrate subcutaneously and 
died of acute* swine fever on the 6th day. In both oases a few staphy* 
lococcus colonies were obtained from the heart blood. 

With blood from cases of swine fever which died in the Johannesburg 
outbreak in 1934. further filtration experiments were carried out. The 
hJiood Was prepared in the same way as described in the previous 
experiments. 

Experiment 5.- 

Two pigs 979 and 991 iiiwulated with a Berkefeld filtrate. Pig 979 
was iiUH'uIated sirbcutaneously with 5 c.c. and pig 991 with 5 c.c. into the 
lung tissue. No reaction occurred for 14 days. 

Pig 979 then recived 5 c.c. of the filtrate intravenously and dietl of 
swine fever on 6th day. Pig 991 received 20 c.c. subcutaneously and died 
on 5th day after a typical reaction. It is pos.sible the reactions were due 
to the first inoculations but this seems unlikely and the route of infe^'tion 
in one case and the higlier dose in the other w’ere probably the real factors 
involved. 


(Conclusions. 

It was found that the virus of swune fever would not pass a Seitz filter. 
Filtration experiments (‘arried out with a Berkefeld filter were however 
successful. 


APPEMDIX II. 


Experiments on hihoratimj anunals and pigs u’ifh bacteria isolated from 
strine fever cases. 

The blood of the pig.s which died in the first transmission experiment was 
inoculated into two rabbits. Kach rabbit received 1 c.c. intravenously and died 
in less than 24 hours. Smears from the blood and cultures from it showed 
organisms of the P, siUsepHrus type in both cases. 

Two white mice inoculated subcutaneously each with 1 c.c. of a mixture of 
the pigs’ blood died in about 48 hours. Smears from the blood and cultures 
sJiowed organisms of the P. s-uisepticus type in both cases. 

Two rabbits were inoculated subcutaneously each with 1 c.c. of the pigs’ 
blood. One died on the sixth day after inoculation showing a purulent pleuritis 
and peritonitis. Lesions of a general septicaemia were present and an organism 
of the P. suisepticus type was isolated from the blood. The second rabbit died 
on the eleventh day after inoculation but no lesions of pasteurellosis could be 
demonstrated and cultures from the blood were negative. 

Owing to the fact that in some experiments wdth Seitz filtrates of blood 
failure was experienced in setting up any disease, the possibility had to be 
considered that an acute bacterial disease was being dealt with. In the later 
experiments with the disease, the bacterial complications seemed to disappear, 
though occasionally coccus types were isolated rrom the blood of experimental 
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As both the salmonella and pasteureUa types isolated from these cases were 
ayailahle for experiments it was decided to see what symptoms they would 
produce in pigs when inoculated with them. 

Experiment 1: 

Pigs 955 and 957 each received H c.c. intravenously of a 24 hour broth 
culture of P, misepticus isolated from the cases previously mentioned. The 
pigs were inoculated on 23rd November, 1933, and the same day a high 
febrile reaction was shown in both cases, which persisted until death 
occurred. One pig died on 26th November, 1933, and the other on 27th 
November, 1933. The pigs remained lyiw down from the day of inocula¬ 
tion and could not be made to rise. There waS some reddening of the 
skin. At post-mortem there were lesions of an acute septicaemia, with 
hyperaemia and oedema of the lungs^ tumor splenis, hyperaemia of liver 
and kidneys and a diffuse gastro-cnteritis. The lesions were very similar to 
those seen in swine fever, i>ut there was a very short incubation period. 


Experiment 2: 

Pig 956 was inoculated on 14th November, 1933, with 2 c.c. of a 24 
hour broth culture of P. suisepticus subcutaneously. No reaction occurred 
and the pig was inoculated on 23rd November, 1937, with 5 c.c. of viru¬ 
lent swine fever blood. It died of the disease on the 6th day aftei 
inoculation. 

Experiment 3: 

Pig 952 was inoculated intravenously on 22 November, 1933, with 
3 c.c. of a 24 hour broth culture of the strain of 8% chohrae suis from tin* 
Western Province. A marked febrile reaction commenced the same day and 
continued until the pig died on the 4th day. It remained lying down and 
would not rise but snowed no other symptoms except a slight reddening of 
the skin and cvanosis. At post-mortem there was slight hyperaemia of the 
lungs, marked hyperaemia of the liver and spleen. 

Cultures were made from the blood and spleen in five cases post mortemed 
during the big outbreak of swine fever which occurred in Johannesburg in 
February, 1934. One of these pigs showed a few organisms of the P. s\mept\cvs 
tvpe in the blood, but the others were negative with the exception of one which 
showed a few chromogenic cocci in the blood. 

In November, 1933^ a pig owner in Johannesburg reported that his iiigs, 
35 in number, had all died of an acute disease and one was brought to Onderste- 
poort for post-mortem. It showed lesions typical of swine fever and a susceptible 
pig inoculated died on the 6th day with typical lesions. Cultures from the 
blood showed P. suisepticus in pure culture. 

In November, 1934, one of us (A.D.T.) paid a visit to the Western Province 
during the outbreak in ihe Malmesbury district. Several farms were visited 
where the disease had occurred' prior to the visit. On one farm (de Kock, 
Vogelgesang) three sick pigs in poor condition were seen. One was killed but 
at post-mortem the only lesion was a broncho-pneumonia. Two pigs which had 
died that morning were exhumed and post-mortemed. Both showed a broncho¬ 
pneumonia^ one this lesion only, but the other pin point haemorrhages on the 
kidneys, slight lymphadenitis and a gastric catarrh. Typical swine fever oases 
had occurred on this farm^ Cultures from the blood and spleen were made 
but only colonies of staphylococci grew in them. 

On 15th November. 1984, a pig 1060 was inoculated with 6 c.c. blood from 
the case which was killed, llie pig died on 28th day after having shown two 
distinct temperature curves. Blood was taken from the pig dating the first 
reaction and inoculated into pig 1057 on 15/12/34. This pig died of acute swine 
fever on the ninth day. 

At tlm second farm (Jordaan. Radyn) the owner had lost all his pigs except 
a sow and five pigiets. The sow had been sick for 14 days but had shown signs 
of recovery in tfo pmious two days. The animal was killed and at post¬ 
mortem a subacute pericarditis and broncho-pneumonia were found. No lesions 
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of the alimentary tract were seen. Cultures were made from the organs in 
glycerine. A few colonies of staphylococci and E. coli were obtained. Blood 
from the pig was inoculated into a pig 1049 which died of acute swine fever 
on the sixth day. 

At the third farm (Richter, Bontheuvel) a small pig, two months old, 
was seen showing swollen glands and joints. It was stated to be recovering and 
the ow^ner had lost all but a few piglets from swine fever. The pig was killed 
and at post-mortem, showed pericarditis and swelling of the joints, which 
contained a thick turbid fluids Cultures from the fluid in the joint cavity 
showed colonies of streptococci. On 15th November, 1924, a pig 1061 was 
inoculated with blood from this case. It died on 20th day after inoculation 
but at post-mortem the lesions w^ere those of an acute enteritis with a heavy 
ascaris infection but no legions of swine fever. 

Serum of this pig w’as tested w*ith strains of S, saipesfifer and S, enteritidis 
(Dublin) but no reaction w'as obtained. 

At the fourth farm (Kitshofl, Spcs Bona) heavy losses had occurred. A 
small pig was seen showing sw^ollen joints ana apparently recovering. It was 
killed and at post-mortem ^ow^ed swollen necrotic submaxillary glands, a slight 
pericarditis, and a large caseous necrotic abscess on one carpal joint. No 
sub-inoculations w^ero done from this case. Cultures showed staphylococci and 
streptococci in the material from the joint. The serum of the pig gave negative 
reactions with Milmonella S. cholevae suix and S. enterifidis. 

At the last farm visited (Burger, Ideal Hill) there were only a few piglets 
left, some of which had sw'oUen joints. Two of the pigs with swollen joints 
were killed and at post-mortem extensive serous arthritis was seen and swollen 
glands. No sub-inoculations w'ere done from these pigs. Chiltures from the 
material from the joints show'cd a few coliform colonies of the E, roli type. 
Streptococci w'<*re present as well. 

In March, 1936, an outbreak of swdne fever occurred in the Louis Trichardt 
district of the Northern Transvaal and sub-inoculations with the blood of 
cases produced the acute disease. In some of the sub-inoculated pigs, P. 
suiseptiniH infection was observed. 

The presence of P. sui^epticus w^as demonstrated in some cases of swine 
fever and other organisms such as staphvlot'occi were found in others. The 
organisms did not appear to have any etiological significance. 


APPENDIX III. 


Recknt Ovtbueaks of Paratyphoid in Pigs on the Savoy Estate, 
Johannesburg. 

The 1937 Outbreak, 


(a) Cases in January, 1937. 

An investigation re mortality in pigs was carried out in January, 1937, 
at the Savoy Estates. Two dead pigs and three in extremis were available 
for post-mortem. During the previous month 26 pigs had died out of about 
2,500 in the styes. The mortality was not confined to any particular pen 
but was distributed throughout the various pens. 

Case 1. 

Black sow, 6 months old. There was reddening of the skin of the 
abdomen and between the legs. 

The liver showed hyperaemia but the periportal glands were unchanged. 
Slight enlargement and hyperaemia was noted in the spleen. The mucous 
membrane of the stomach showed a diffuse hyperaemia. 

Diagnosis ,—A definite diagnosis could not be made at the time, but 
S, cholera suis was isolated from the spleen. 
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Case 2. 

Btack hog about 6-8 months old. Beddening present on skin of 
abdomen. 

Lungs, —^Marked hyperaemia. Several small areas of hepatization. 

Spleen, —Marked hypcraemia. 

JStver.—Marked hy^eraemia. Periportal lymphatic glands mottled, 
reddish grey, but not intensely hyperaemic. 

Kidneys* —^Marked hyperaemia. Numerous small pin point haemorr¬ 
hages in cortex. 

Stomach, —^Deep red colour, with ulceration and diphtheritic deposit. 

A tentative diagnosis of swine fever was made, pending the result of 
cultures and inoculation of blood into susceptible pigs. 

Case 3, 

Black and white sow, about 6 months. The only lesions found were 
hyperaemia of the lungs with small areas of hepatization. 

No diagnosis was made pending results of cultures and histological 
report. 

Case 4. 

Black and white sow', about 6 months old, ver^' thin, and with swelling 
of the left carpal joint. 

Lungs, —^Atelectasis of portions of both lungs. 

Kidneys, —Large yellow areas in the cortex giving a mottled 
appearance. 

The only other lesion was an extensive fibrinous deposit on the serosa 
of the intestines, liver and spleen. 

Case 5, 

Black hog 6 to 8 months, in good condition. There was reddening of 
the skin of the whole body. 

Lungs, —Mark hyperaemia. 

Liver, —Marked hyperaemia. Marked mottling of the periportal 
glands, of a dark reddish grey type. 

Spleen, —Greatly enlarged. Marked hyperaemia. 

Kidneys. —Marked hyperaemia. Numerous pin point haemorrhages in 
the cortex. 

Stomatch, —Diffuse bluish red colour of the mucous membrane, with 
ulceration and diphtheritic deposit. A tentative diagnosis of swine fever 
was made. 

Blood from piss 2 and 6 were mixed and inoculated into susceptible pigs 

at Onderstepoort but no symptoms developed as a result of the inoculation. 

One pig showed a slight temperature reaction, so it was bled and two further 

pigs inoculated. These did not develop any symptoms. 

(b) Cixses in Fehruasry, 1087. 

Case 1. 

Black hog. It showed a slight hydropericardium and hydrothorax, 
pulmonary oedema and atelectatic areas in the lung. All the lymphatic 
glands of the body showed a marked redness round the periphery. The 
stomach showed a tenacious diphtheritic pseudo-membrane on the folds 
with haemorrhages in between. The skin showed an intense cyanosis. 
This case eras tentatively considered to be one d swine fever. 

Capes 2 oHd 8. 

Were too decomposed for a proper examination. Pig 8 showed an 
extensive Abrinous pleuro-pneumonia and pericarditis. 
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Case 4. 

Showed iibrinouB pericarditis and pleuropneumonia. 


Case 5. 

Blotchy cyanosis of the skin. 

tSpleen ,—^Slight hyperaemia. 

Liver ,—Extensive and disseminated miliary necrosis. (Typical para¬ 
typhoid lesions.) 

Vase 6. 

Black hog (killed). 

Imng .—Adherent to thoracic wall. Extensive commencing consolida¬ 
tion. Adhesive fibrinous pericarditis. 

Caecum.—lleo-caecal value and part of colon showed a yellow flaky 
pseudo-membrane raised above the surface. Around this there was a red 
margin with slight concentric ringing. There was a diphtheroid enteritis 
with characteristic ** bouton formation. 

Case 7. 

Black sow. Poor condtion. Swollen off knee with necrosis of the joint. 

Hydrothoraee ,—The only lesions seen were in the lungs which showed 
large atel€H.*tatic areas. Bronchial lymphatic glands were swollen and 
mottled. 

Bateteriologteal work and subAnocvlations. 

Pure cultures of S. cholerae suis were obtained from , the blood of pigs 1. 
4. 5, 6 and 7. Blood from pig 1 was inoculated into two susceptible pigs at 
Onderstepoort, and a mixture of bloods of 4, 5, 6 and 7 into two others. No 
reactions were observed in these pigs subsequently. A tentative diagnosis of 
swine fever had been made as a result of post mortem examination of the 
seven pigs but it could not be confirmed biologically. 

In order to see what the effect would be of inoculating or dosing pigs 
wnth the paratyphoid cultures obtaine<l from the eases the following experiment 
was carried out. A pig (1195) was given 5 c.c. of a mixture of cultures of 
IS, cholera intravenously, the dose corresponding to about half an agar slope 
or culture. The pig died in 36 hours from an acute septicaemia. Pig 1197 
received 500 c.c. per os of the same culture emulsion. It did not show any 
symptoms subsequently. A further experiment was then carried out in which 
two pigs were starved overnight and each given 500 c.c. of a dense emulsion 
of several strains of iSf. cholera suis from the cases in the outbreak. Each pig 
was given a mixture of four carbonates (to counteract gastric acidity) one 
with the culture and one half an hour before the culture to neutralize the 
gastric juice. These pigs did not show any symptoms of illness subsequently. 
Attempts to produce typical paratyphoid cases in pigs experimentally with 
cultures from the outbreak, therefore, failed. 

In summarising the 1937 outbreaks at the Savoy Estate, it may be stated 
that at post-mortem examination one found fairly marked peripheral haemorr¬ 
hagic lymphadenitis, hydrothorax and hydropericardium; pulmonary oedema 
and bronchial pneumonia; diphtheroid an haemorrhagic gastritis and enteritis 
(boutons); cyanosis of skin, fat saponification and necrosis of the pancreas; 
disseminated necrosis of liver (paratyphoid). Very few pin point haemorrhages 
in the kidney. 

Microscopically the examination of organs from these cases showed in the 
majority disseminated necrosis with endothelioid proliferation typical of para¬ 
typhoid in the liver. In addition there were lesions of catarrhal broncho¬ 
pneumonia and oedema. Acute gastro-enteritis—some catarrhal and a few 
diphtheroid in type. The lymphatic glands showed a varying amount of blood 
extravasation in the sinuses, but only a very slight degree of vascular hyalinisa- 
tion and karyorrhexis. In the spleen there were the usual disseminated necrotic 
foci but the Schweiger Seidel sheaths were mostly intact or only slight 
karyorrhexis was present. Other organs also showed slight karyorrhexis and 
scattered haemorrhages. 
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The 1939 Ovttbreaks, 

A further outbreak occurred on the same estate early in December, 1939. 
Throughout the year the average number of pi^ runni^ on the estate has been 
about 3,000 with an average daily mortality of three pigs. There was a sudden 
rise in the death rate from the 6th of December. 

The following is the record of deaths reported: — 

6th—6, 7th—8, 8th—4, 9th—3, 10th—5, 11th—7, 12th—16, 13th—16, 
14th—7, 16th—12, 16th—1, 17th—7, 18th—8, 19th—8, 20th—2, 21st—1, 
22nd—2. 

A number of small pigs of the pork type had been purchased for the Christ¬ 
mas period. There was also a number of poor quality pigs which did not seem 
to be thriving. 

Post-mortems on 16 pigs on the 13th practically in all cases revealed the 
following: haemorrhages of the skin, severe gastritis with diphtheric mem¬ 
branes, enlargement of the spleen, haemorrhagic periportal, mesenteric, and 
gastric lymphatic glands, slight haemorrhages noted on the kidneys. These 
were regarded strongly suspicious of swine fever. 

A number of carcasses were brought to Onderstepoort for post-mortem, 
histological and bacteriological examinations. Blood from some of these pigs 
inoculated into susceptible ones gave no reactions. S, cholerae mis in pure 
culture was obtained from the blood. As regards the pathology Dr. ThoTnas 
reported as follows: — 

Pig No, 1 (Specimen No. 24184): 

Cyanosis of the skin; phlegmosis of the sheath, general haemorrhagic 
appearance of the lympliatio glands, locali^d acute pneumonia, ulcerative 
gastritis, extensive catarrhal haemorrhagic enteritis. 

Gland (pptl).—Marked extravasation in cortical sinusc^s with fibrin 
ill parts and very little karyorrhexis and no hyalinisation of arterioles. 

Spleen .—Bich in blood, s.s.s. are well preserved^ practically no 
karyorrhexis, lymphoid centres not affected markedly, a few isolated 
necrohiotic centres. 

Pig No. 2 (Specimen No. 24186): 

Cyanosis of .the skin with extensive multiple localised ulcers and 
haemorrhages in various stages, slight tumour splenis, diphtheroid gastritis 
with slight c*atarrhal enteritis, haemorrhages lymphatic glands, slight acute 
pneumonia. 

Gland .—Same as above, small centres of fibrinous exudate, but less 
extravasations. 

Spleen .—^As above, less marked. 

Skin .—Multiple crush covered-necrotic defects scattered over skin, 
some with a dark red edge, to blood filled cutis around, bacteria in necrotic 
bed. 

Pig No. 3 (Specimen No. 24186): 

Gland .—Irregular necrotic areas with thrombosed vessel, fibrin, 
haemorrhages in sinuses, slight karyorrhexis, but l^^unph follicles un¬ 
affected. 

Splsen.-^^Pulpa rich in blood, 8.8.8. still visible though much distorted, 
many neorotio areas isolated karyorrhexis not marked. 

No liver was collected. 

Viagn osis. —Paratyphoid. 

Pig No. 4 (Spec. No, 24191) killed in extTemis: 

Hamorrlmges lymphatic glands, ecehymoses kidneys, sliglit acute 
catarrhal gastroenteritis, extensive acute pneumonia. 
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Lung ,—Hyperaemia and irregular patches of consolid. with fibrin, 
serum and red cells. 

Gland .—Slight peripheral extravasation. 

Liver .—Scattered pin point lesions, some £lled with red cells, others 
just an accumulation of endothelial cells. 

Spleen .—Practically normal appearance. 

Pig No. 6 (Spec. No. 24193) killed in extremis: 

Ecchymoses lung and kidneys, fatty degeneration liver, few 
haemorrhages and cyanosis skin, slight acute gastro-enteritis. 

Gland .—Hyperaemia and few necrotic centres. 

Spleen .—Small indistinct necrotic foci, s.s.s. still present. 

Liver .—As above but more extensive. 

Pig No. 5 (Spec. No. 24192) killed in extremis • 

Intensive pat(.*hy cyanosis of the skin, intense acute pneumonia and 
haemorrhages bronenial lymph glands, slight acute gastro-enteritis. 

Kidney .—Hyalinisation of some glomeruli with consequent local 
haemotaria and degeneration of some tubules. 

Spleen .—No great change. 

Liver .—Disseminated endothelial, prolif, in irregular foci. 

A definite diagnosis of paratyphoid was made histologically, supported b^ 
bacteriological examination and the fact that the blood inoculation into 
susceptible pigs was negative. 


APPENDIX IV. 


Experiments on the relationship of the European and African viruses of 
swine fever. In most of these experiments the virus used, 1006, was obtained 
from the Witwatersraiid outbreaks. 

Experiment 1: 

12th June, 1934. Two pigs were inoculated with 2 c.c. of virus 1006 
subcutaneously, one pig receiving 50 c.c. of Swine Fever Antiserum 
(Lederle) in the opposite hind leg. The pig that received virus alone died 
on 4th day from acute swine fever and the pig that received serum died on 
6th day after inoculation. 

Experiment 2: 

11th June. 1934. Two pigs were put in an infected stable. One pig 
received 50 c.c. Swine Fever Antiserum (Lederle) subcutaneously. This pig 
died of acute swine fever on 15th day, the control animal dying on lltli 
day. 


Experiment 3: 

25th June, 1934. Two pigs were again placed in an infected stable, one 
pig receiving 30 c.c. antiserum (Lederle) subcutaneously. Both pigs sur¬ 
vived, apparently owing to the infection in the stable having died out. 

Experiment 4: 

17th August, 1934. Two pigs were inoculated subcutaneously each with 
-2 c.c. of a virus obtained from another outbreak in the Northern Transvaal. 
One pig received 30 o.c. antiserum (Lederle) subcutaneously. Both pigs 
died of acute swine fever on 6th day. 
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Experiment 5: 

17th August; 1034. Two pigs were inoculated subcutaneously each 
with -2 c.c. of a virus from €louda in the Western Province. One pig 
received 30 c.c. antiserum (LedeHe) subcutaneously. Both pigs died of 
acute swine fever on 7th day. 


Experiment 6: 

26th July, 1934. Two pigs were inoculated with virus 1006 (Johannes¬ 
burg) each receiving *2 c.c. subcutaneously. One pig received 30 c.c. anti¬ 
serum (Lederle) subcutaneously. The latter pig survived but when 
reinoeulated on 16th August, 1934, with *2 c.c. of the same virus it died 
of acute swine fever. The control pig died on 7th day. 

As this survival of the initial inoculation with virus was of great 
interest, the experiment w*as repeated (Experiment 7) but this time both 
pigs died. 


Experiment 7: 

16th August, 1934. Two pigs were inoculatetl with virus 1006 (Johan¬ 
nesburg) each receiving *2 c.c. subcutaneously. One pig was given 30 c.c. 
antiserum (Lederle) subcutaneously. The latter died on 6th day from acute 
swine fever and the control pig on 5th day. 

At this point it was realized that perhaps the dose of virus was too big, 
so an attempt was made to roughly determine the minimum lethal dose of virus 
1006. It was found that *01 c.c. would kill in 7 days so this dose was used as 
probably representing several lethal doses. 

It was decided to change over to the method of incubation of the serum 
virus mixture as previously mentioned and in all the subsequent experiments 
this nu^thod was used. 


Experiment 8: 

Ist September, 1934. One pig was inoculated with *2 c.c. virus (1006) 
and another with an incubated mixture of *2 c.c. virus 1006-and 30 c.c. 
antiserum (Lederle). The virus pig died <on 5th day but the serum virus 
pig survived to - the 13tli day. In all the experiments where incubated 
serum virus mixture was used the pigs were kept in separate boxes for 
fear that contact with the reacting virus pig would increase the exposure 
of the serum-virus pig. 


Experiment 9: 

25th September, 1940. Two pigs were inoculated subcutaneously each 
with *01 c.c. of virus 1006. One pig received 30 c.c. antiserum (L^erle) 
which had been incubated with ine virus. The pig which received virus, 
alone died on 7th day from acute swine fever. The serum virus pig sur* 
vived until 19th Oet^r, 1934, when it developed swine fever and died 
on 24th October, 1934. 

There are two possible explanations of this late reaction, one being that 
accidental infection occurred, hut in view of experiments on the recovered 
pig as a carrier it is possible that the virus was not completely neutralized 
by the serum. 


Experiment 10; 

11th October, 1934. This experiment was carried out to see whether 
normal pig serum would have any neutralizing effect cm the virus. A pig 
» "was given *01 c.c. virus w:hicdi had been incubated with 30 c.c. normal 
serum under the same conditions as used for antiserum and virus, 
pig died on 5th day from acute swine fever, so one may conclude that 
normal pig serum was without effect on tiie virus. 
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Experiment 11: 

24th November, 1934. This was a repetition of experiment 9. The 
received *01 c.c. virus 1006 alone, and died on 6th day. The pig which 
received serum survived. The survivor was not tested for immunity in this 
case. 

In order to see whether serum obtained from other sources would give 
results similar to those obtained with the American antiserum (Lederle), some 
was obtained from Germany (Bayer) and from Hungary. 

Experiment 12: 

20th March, 1935. One pig was inoculated subcutaneously with 50 c.c. 
Bayer antiserum with *01 c.c. virus (1006), and another with 50 c.c. of the 
Hungarian antiserum and *01 c.c. of the same virus. A third pi^ received 
*01 c.c. virus alone. This pig died on the bth day from acute swine fever. 
The two pigs which received serum both survived. They were kept for 6 
weeks and then inoculated with *01 c.c. virus (1006) to see whether thev 
had acquired any immunity. Both pigs died of acute swine fever on 6th 
day after inoculation so that apparently no immunity had been acquired. 

Expeiiment 13: 

7th November, 1935. This w*as a repetition of experiment 12. Two pigs 
received *01 c.c. virus (1006; with 50 c.c. Bayer antiserum. A control pig 
was given *01 c.c. virus (1006) alone. This pig died of acute swine fever 
on the 8th day. The two serum pigs survived. It was proposed to carry out 
further virus tests with these two pigs to see if a basic immunity can be 
developed on which immunization experiments could be carried out. 

These two pigs were not found to have developed any immunity w'hen 
tested with virus later, and both died of the acute disease. 


Conclusions, 

The experiments show that there is some evidence of a common antigenic 
factor between tlie African and European viruses of swine fever. 


APPENDIX V. 


Experimental work (tarried out with the blood of pigs susficcted of being 
carriers of switie fever rirus. Blood w’as obtained irom a number of pigs in 
the recent Western Province outbreak. 

tig 1. 

The outbreak occurred during November, 1934. The pig was ill for 
three weeks and showed reddening of the skin and swelling of the joints. 

At ^t-mortem in April, 1935, small abscesses were seen in the lungs, 
pericardial adhesions, slight enlargement of the spleen, hyperaemia of ^e 
mesenteric glands. There were definite traces of the previous acute 
condition. 

Two pigs 1070 and no number (S. 5679) were inoculated on 3rd May, 
1935, each with 5 c.c. of blood. One pig reacted from 12th day and died 
on 20th from acute swine fever; the other reacted from 24th day and died 
on 2^. It is possible that the second pig became infected from the first 
as they were in contact. 

tig 2. 

The outbreak occurred ih September, 1934. The pig was ill for four 
weeks. At the time of the pest mortem in April, 1935, the pig showed no 
symptoms. At post-mortem there were haemorrhages in the kidneys, and 
an adhesive pericarditis but no other lesions. 
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Two pigs 1068 and 1071 (S. 5670) were inoculated on drd May. 1935; 
each with 5 c.c. of citrated blood. No symptoms developed in the following 
two months. The blood of pig 2 was therefore not infective. 

Fig 3. 

The outbreak occurred in September, 1934. There was no infoi*matioii 
available as to whether the pig showed any symptoms at the time. 

At the post-mortem in April, 1935, the following lesions were found. 
An adhesive pericarditis, an abscess in the myocardium, slight hyperaemia 
of the intestines, marked tumor splenis, marbled appearance of the 
periportal lymphatic glands and some naemorrhages in the kidneys. There 
was definite evidence of a previous infection. 

Two pigs 1091 and 1094 (S. 5675) were inoculated each with 4 c.c. 
blood on 17th May, 1935. One pig reacted on 16th day and died on 20th 
from acute swine fever. The second pig reacted from 20th day and died 
on 26th. This pig was in contact with the other and may have become 
infected from it. 

Fig 4. 

The outbreak occurred in September, 1934. The pig was ill for four 
weeks and showed swelling of the joints. 

At the post-mortem in April, 1935, it was in poor condition and showed 
pericarditis, mottling of the mesenteric glands, and slight splenic enlarge¬ 
ment. 

Two pigs 1092 and 1093 (S. 5675) were inoculated on 17th May, 1935. 
One pig reacted from the 25th day with death on Slst and the other 
from 24th with death on 30th. The inoculation period in these two cases 
was exceptionally long. 

Fig 5. 

The outbreak occurred in June, 1934. The pig .was ill for seven 
weeks at the time of the outbreak. 

At the time of the post-mortem in April, 1935, it was in good condition. 
The following lesions were seen at post-mortem: Old standing pericarditis, 
slight swelling of the joints, areas of broncho-pneumonia, mottling of tlie 
periportal glands, petechiae of kidneys.* 

One pig (S. 5679) was inoculated with 5 c.c. of citrated blood on 25th 
May, 1935. It reacted on 12th day and died on 16th from acute swine fever 

Fig 6. 

The outbreak occurred in June, 1934. There was no informatioa avail¬ 
able as to symptoms shown at the time of the outbreak. 

At the time of the post-mortem there was evidence of swollen joints. At 
post-mortem the periportal glands showed a mottled appearance and old 
haemorrhages were seen in the kidneys. 

A pig (B. 5679) was inoculated on 25th May, 1935. with 5 c.c* citrated 
blood. It reacted from 8th day and died on 12th with symptoms of acute 
swine fever. 

Pig 7. 

The outbreak occurred in llecember, 1934. The pig was ill for three 
weeks at the time of ihe outbreak. 

At post-morteih in April, 1935, old pleural adhesions were found and 
haemorrhages in the kidneys, slight mottling and hyperaemia of the 
mesenteric glands. 

Two pigs 1095 and 1096 (S. 5684) were inoculated, each with 5 c.c. 
titrated blood on 5th June, 1935. Cfne pig reacted frbm 5th day with 
death on 16th from acute swine fever. The second nig reacted from 11th 
day with death on 16th. It may have become infected from ^e other 
pig, with which it was in contact. 
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tig 8, 

The outbreak occurred in September, 1934. At the time of the 
outbreak, the pig was sick for two weeks, showing staggering gait, swollen 
joints, swelling of the ears and eyes and blood oozed from tips of the 
ears. At post-mortem on 26th June, 1935, the pig was in excellent 
condition. The spleen showed hyperaemia and the mesenteric and peri¬ 
portal glands showed enlargement and mottling. 

Two pigs (S. ^99) were inoculated on 26th June, 1935, each with 
o c.c. of blood. Neither of these pigs showed any symptoms subsequently. 

In addition to the eight pigs just referred to, blood was sent from two 
pigs killed at the Wellington Bacon Factory in January, 1935. Both these 
pigs had shown symptoms during an outbreak of Swine Fever in the Malmes- 
burg District of the Western Province, nine months previously. Both cases 
showed evidence of previous swelling of the joints. There was slight enlarge¬ 
ment of the spleen, but the main lesions wore those of a bronchopneumonia 
and pleural adhesions. On inoculation of blood from tliese two pigs into 
susceptible pigs, no symptoms developed. 

Two pigs 1104 and 1180 survived in experiments carried out at Onderste- 
poort. Both were subsequently reinoculated with viruses of different origin 
and survived. 

Pig 1104 was inoculated again two montlhs afterwards but did not show a 
reaction, it was kept for transmission experiments and its blood was incxsulated 
into susceptible pigs at three monthly intervals for a year but the blood did 
not at any time produce a reaction, so the animal was apparently not a 
carrier. 

Pig 1180 was bled twice after passing through the reaction, at five months 
and at eight months. No reaction o<*curred when the blood was inoculated 
into susceptible pigs. A susceptible pig was placed in contact with 1104 foi 
several months hut did not show any sign of a reaction. 

Conclmiatis, 

The existence of carriers was demonstrated in a number of pigs which 
had survived swine fever outbreaks in the Western Province which had occurred 
up to eight months previously. 


APPENDIX VI. 


Experimental work carried out on mice and guinea-pigs in the attempt 
to transmit swine fever to them. 

For all the inoculations on mice a quantity of *05 c.c. was used and f<»r 
guinea-pigs *1 c.c. 

Experiment 1. 

Defibrinated blood was taken from a pig 1059 on 28th March, 1935. 
immediately after death. The particular strain is referred to elsewhere 
in the swine fever experiments as the Savoy Estate one. 

Ten white mice were inoculated intracerebrally, each with -06 c.c. of 
defibrinated blood on 28th March, 1935. On 5th April, 1935, two of the 
mice were killed and the brains removed. The brains were emulsified in 
normal saline, using 20 c.c. to each brain, and *05 c.c. of each of the two 
inoimlated into 5 more mice. On 17th April, 1935, twelve days later, one 
of the mice from one lot showed muscular weakness, so it was killed and 
its brain added to that of a mouse showing weakness in another sub¬ 
inoculated lot from mice in the original ten. No symptoms developed 
subsequently in the sub-inoculated mice. Two other mice of the original 
ten were killed although showing no symptoms, and their brains inoculated 
into mice without results. The inoculations of the mice are schematically 
represented in Table I. 

The surviving mice were all kept for at least twenty days after 
inoculation in order to see whether symptoms would develop. 
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Tl^iL iliie6 inoculated intracerebrally with *06 c.c* defihrinated blood ot Eig 1069 on 28 Marcdt, 
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survived. 

killed. 
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E^peritneiU 2. 

Deiibrinated blood was taken from a pig 1096 on 24th June, 1936, 
shortly after death. 

Ten white mice were inoculated intracerebrally on 24th June, 1935, 
each with *05 c.c. of defibrinated blood. Five of the mice received an 
intramuscular inoculation of *05 c.c. of India ink as well. The ink was 
given with the idea of reducing the resistance of the animals. 

On 1st July, 1935, seven days after inoculation, one mouse injected 
with ink and one which had not, were killed and a mixture of the brains 
inoculated into six mice, intracerebrally. One of these showed weakness 
on 6th July, 1935, and was killed, six more beine inoculated with its 
brain. On 12th July, 1935, two of the apparent^ healthy mice were 
killed, and a mixture of their brains inoculated into seven mice intra^ 
cerebrally. One of these mice died on 18th July, 1935, and its brain was 
inoculated into five mice intracerebrally. On 6th August ,1935, two of the 
inoculated mice showing signs of weakness were killed. A mixture of their 
brains was inoculated into six mice intracerebrally but these animals 
did not show any symptoms subsequently. 

Table II shows a sphematic representation of the inoculations. 


Experiment 3: 

In addition to the mice, six half-grown guinea-pigs were inoculated 
intracerebrally each with *1 c.c. defibrinated blood from pig 1096 on 24th 
June, 1935. On the day of inoculation and on the following day each 
guinea-pig was given *5 c.c. of India ink intramuscularly. 

One of these guinea-pigs died on 30th June, 193«5, and its brain was 
inoculated intracerebrally into four more half-grown guinea-pigs. These 
animals did not show any symptoms subsequently. Two of the other guinea- 
pigs were killed on 5th July, 1935, and their brains removed. A mixture 
of these two brains was emulsified in saline and four more guinea-pigs 
inoculated intracerebrally. These i^uinea-pigs remained healthy. No success 
attended the attempt to infect six white mice intranasally. Temperature 
charts were kept of the first six guinea-pigs, but apart from an initial rise 
of temperature in the first 24 to 48 hours the temperatures remained 
normal. 

Experiment 4: 

To see whether the virus inoculated into the brains of mice could 
maintain itself or whether it disappeared. 

Two pigs were inoculated with brain material from a mouse and a 
piinea-pig. One pig, 1103, was inoculated subcutaneously with the whole 
brain of a mouse inoculated eight days previously with virulent swine fever 
blo()d. The other one, 1104, was inoculated subcutaneously with the whole 
brain of a guinea-pig inoculated eight days previously with virulent swine 
fever blood. In neither case did any temperature reaction or other symp¬ 
toms occur in the following six weeks. 

Two pigs, 1101 and 1102, were inoculated on 12th August, 1935, each 
with 5 c.c. of an emulsion of the brain of a mouse inoculated four da vs 
previously. This mouse was one of the fourth generation of sub-inocula¬ 
tions from virulent blood (sec Expt. 2). No symptoms developed subse¬ 
quently in either of the pigs and both subsequently died of swine fever 
when tested for immunity. 

Two pigs, 1105 and 1106, were inoculated subcutaneous]v each with 
5^ c.c. of an emulsion of the mixed brains of two mice killed for transmis¬ 
sion experiments. These mice were in the third generation from virulent 
blood (see Expt. 2). No symptoms were noted in the pigs for two months, 
when they were exposed to swine fever infection and one died, the other 
recovering after a very severe reaction. 


Conelvstons. 

No success attended attempts to transmit the virus of swine fever to 
laboratory animals. 
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APPENDIX VII. 


Kxpertmenfs on immunization of pigs against swine fever. 

Experiment 1: 

Virus incubated with crystal violet solution for 14 days at 37-6° C. was 
inoculated subcutaneously into two pigs, 1078 (1 c.c.) and 1081 (5 c.c.). 
These pigs did not show any reaction for two months. They were then 
tested to see if any immunity had developed. Both developed acute swine 
fever and died on 7th da> after inoculation. As the result of this test 
indicated that the virus had apparently been rendered completely inactive 
in 14 days and the inoculated pigs had dcvt*lo|)ed no immunity, it was 
decided to try the virus incubated with crystal violet for a shorter period. 

Experiment 2: 

Two pigs, 1149 and 1150, each received 5 c.c. subcutaneously of a virus, 
crystal violet mixture incubated at 37*5^ C. for 7 days. Both pigs died of 
acute swine fever on 7th day after inoculation. The period of 7 days 
incubation did not have any effect on the virus. 

Experiment 3; 

A pig was inoculated subcutaiu'tmsly with 5 c.c. of a sample of defibnu 
ated blood from a case of African swine fever at the height of the reaction 
and which had been incubated with crystal violet solution for 10 days. 
The pig died on 5th day after inoculation from the acute disease. 

Experiment 4: 

The same maternal ns was used in experiment 3 was incubated for 10 
days and then 5 c.c. were inoculated into pig 1170 subcutaneously. The pig 
died on 6th day from swine fever. 

The few preliminary experiments described do not give any indication as 
to the value of crystal violet vaccine for swine fever imnuinixaiion. In the 
one experiment where the virus was avirulent after 14 days incubation, there 
was no immunity conferred on the pigs. 

The time taken to attenuate the virus appears to be variable. Further 
experiments on the action of crystal violet vaccine on pigs should be carried out 
though it seems unlikely that any method of immunisation will produce a 
durable immunity in this disease. 

Conclusions, 

No success attended attempts to immunize pigs against swine fever of the 
8. African “ strain ** by the crystal violet method of Dorset. 


APPENDIX Vlil. 


CONTBOL MeaSUBBB. 

The control of an infectious disease like Swine Fever in the Union of South 
Africa is hampered by many difficulties, e.g., distance between farms and 
between farms and markets, lack of proper hygiene and sanitation, lack of 
control (only a small proportion of pigs are kept in styes), the large veterinary 
ureas, large numbers of European and Native owners, especially in Northern 
Transvaal, the wild pi|^ as a carrier of the virus in certain areas, etc. Control 
and eradication of this disease were more or less effected on the following 
lines: — 

(!]) According to the provisions of the Stock Diseases Act every suspicion 
of Swine Fever, and in fact every mortality in pigs where a number of 
animals had died suddenly, had immediately to be reported. 
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(2) Immediately swine fever or suspicious eases occurred on a farm or 
elsewhere, the farmer or owmer of the pigs had to stop the movement of pigs, 
meat, offal, etc., from his farm or property. All meat used on such a farm or 
property had to be boiled. 

(3) The farmer or owner had to take immediate steps to report to his 
neighbours any suspected cases of Swine Fever on bis farm or property. No 
affected pigs were allowed to be treated or slaughtered on such farms or pro¬ 
perties, but were placed under effective control in yards or pens. The owner had 
to do everything in his power to prevent swine fever from being carried to 
uninfected farms or properties, by disinfecting as far as possible snoes^ hands, 
implements, etc., coming in contact with infected pigs. 

(4) If the veterinary officer or his representative had diagnosed Swine 
Fever, the affected farm was immediately placed under quarantine, and all 
the pigs on it placed under strict control. A valuation was made of all the 
pigs, and authority obtained from the Minister for slaughter with compensa¬ 
tion on the scale prescribed in the Stock Diseases Act. valuation being made 
on existing market prices. The Department had to be satisfied that the owner 
took all prec^autionary measures and destroyed and buried all pigs according 
to prescribed instructions. 

(6) The farmer had to do everything in his power to disinfect or burn out 
the styes and remove the dung from the styes for use as manure on land not 
utilised for pigs. 

(6) No new pigs were introduced for a period of at least three months 
after the farm had been cleared of pigs. 

(7) Restocking of the farm or property was only allowed from uninfected 
farms or properties under permit. The chief veterinarj" officer had to satisfy 
himself that all due precautionary measures had been taken. The introduc¬ 
tion of new pigs were carried out gradually. All pigs passed through a system 
of quarantine pens, in which they were confined for at least three we(»ks before 
being introduced into the herd. 

(8) No pigs w^ere allowed to be moved out of any area'declared infected 
with Swine Fever unless the uerson in charge had written permission from 
the Veterinary Ofl&cer. All vehicles used for the transport of these pigs wore 
thoroughly disinfected immediately after use. 

(9) No person was allowed to have awess to swine affected or suspected of 
being affected with' Swine Fever unless it was a person whose access was 
necessary for the proper care and treatment of such swine, or an officer acting 
under the powers of the Act or the regulations. 

(10) No person who was in contact with swine affected or suspected of 
being affected with Swine Fever was allowed to approach other swine, or 
leave the place until his hands and boots (or, in the case where hoots are not 
worn, his feet) were properly disinfected. 

(11) It ivas the duty of the person in charge of swine which had been in 
contact with other swine suffering from Swine Fever to isolate the same for 
such a time and in such a manner as the Government Veterinary Officer 
prescrilied. 

(12) No person was allowed to move manure or litter from premises occupied 
by swine suffering or suspected to be sufferii^ from Swine Fever except by 
permission of the Government Veterinary Officer and subject to such pre¬ 
cautions as he prescribed. 

(13) No hair, claws, heads, offal, excreta, or any other' products derived 
from pigs was allowed to he moved out of or from any one place to any other 
place within any area declared infected with Swine Fever, except on the 
authority of a permit issued by the Government Veterinary Officer and subject 
to such conditions as he might impose. 

,(14) When Swine Fever had died out on a farm or property and a number 
of pigs had survived, such farm or property was kept under ouarantine and no 
pigs were allowed on it unless all the remaining pigs were either destroyed or 
removed, under permit, to an approved abattoir for slaughter. 
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(15) As wiJd pigs (warthogs and bush pigs) and domestic pigs which have 
become wild, may becoim^ carriers oi the virus of Swine Fever, all possible 
measures had to be taken to t'radicate them from farms or properties in 
infected areas. 

According to Administrator’s Proclamation No. 40 of 1936, both warthogs 
and bush pigs weie classed as vermin in the Transvaal and farmers were 
urged to destroy them. 

(16) Vujikinve ihnnnnfifcs of farmers* associations were established in the 
r|uarantine areas to assist the Department: — 

(o) Hy making propaganda amongst the farmers in their areas as 
regards the importance of carriers of African Swine Fever, symp¬ 
toms of the disi*ase, imst-mortems, changes, regulations etc. 

(h) Hy working in <*lose assoedation with the Government Vc^terinary 
Othier of the district in an advistiry capacity and to persuade 
iarmers to leport immediately suspected outbreaks of the disease 
in pigs to the Veterinary Olficer of the district, to assist in the 
control ol illicit movements, to obtain information from farmers as 
legards occurrence of wild pigs, to assist the Department in the 
dt'^trnction of such wild pigs, and to ctnnpile a census of pigs in the 
quarantine areas. 

The following Movement Notices were published to control Swine Fever: — 

1. For the Western province: 

(i.S. 616 of 11.5.1931. 

(i.N. 715 of 1.6.1934. 

(i.N. 34i> ol 13.3.1936. 

(J.N. 1749 <»l L»9.11.1936. 

(i.N, 1950 ot 31.12,1936. 

2. For the Witwatersrand (Transvaal) • 

(i.N. 314 of 16.3.1934. 

3. For the Northern Transvaal: 

(i.N. 636 of 10.5.19^5. 

(i.N. 920 of 2S,6.1935. 

In Northern Trans\aal the Magisterial Districts of Pietersbiirg, Zoiitpans- 
berg, L>dcnburg, I’otgietersrust, Waterberg and Letaba were declared an area 
infectid with swine tc^er and from there the movement ot swine is only lu'r- 
milted to the C|iiarantine section of an approved abattoir for immediate 
slaughter. 

This legislation w'as provided to curtail the movements of swine from an 
area believed to harbour warthogs and bush pigs, amongst wdiich a limited 
number may be (‘arriers of swdne fever virus. 




Section III. 
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(-ATENOI’AENIA ( APENSIS SP. NO\ . 

A single speeiiuen was collected from the Striped Mouse. The 
specimen was 2»1 m.m. long willi a maxiinuni breadth of 2-0 ni.ni. 
towards its poslerior end; immediately behind Ihe scolex Ihe body 
breadth is just over 1 m.m. The scolex (Fig. 1) in ( omparison with the 



Fi^. 1.-' CutvnuiaenUt capensis sp. nov. Anterior extremity. 

body bieadth immediately behind it, appears to be relatively small; 
across the suckers it is (l ^l m.m. wide. The Mickeis are roughly 
circular, their external apertures being 0*084 to 0*095 m.m. across, 
and their diameter including the musculature 0*18 m.m.; each sucker 
is separated from that adjoining it by a groove. A rostellum and 
hooks are absent. The first genital anlage appears 0*10 m.m. behind 
the scolex, so that this portion of the strobila, between the scolex and 
anlage, may be considered to form a very short and broad neck. No 
external signs of segmentation are ajiparent opposite the first few 
anlages; when these anlages are considered to represent segments 
then tlie whole strobila is composed of 49 segments, of which the 
anteriormost are much broader than long, the ratio gradually 
<dianging posteriorly until the posterior* is longer than broad. 

The excretory system consists of a number, about 29, of 
longitudinal canals which give rise to a branching network; probably 
these canals represent a much developed ventral canal system, as 
the outermost of these longitudinal canals limit the lateral extension 
of the teats and uterus. 
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Mature segments (Fig. 8), which are slightly more than twice 
as broad as long, occur in the 24th to the 28th segments; these 
segments are from 1-75 to 1*9 m.m. broad. The genital pores are 
not prominent and are situated near the anterior margin of the 
segment; they alternate irregularly. 



The cirrus sac appears to be weakly muscular and consequently 
is not a well defined structure in the toto mount; it is almost 
0*15 m.m. long by 0*05 m.m. thick. The cirrus is thick and smooth 
and has a thickness of 0*04 m.m. After emerging frojn the cirrus 
sac the vas deferens forms a coiled and transversely elongate mass. 
The testes, of which there are between 200 and 250, are arranged in 
an aporal and a poral group; the aporal group extends through the 
length of the segment, and the poral group from the anterior level 
of the yolk gland to the posterior segment margin; the groups are 
completely separated by the female glands, no testes being present 
behind the ovary. The vagina opens behind the aperture of the 
cirrus sac and passes almost transversely inwards; its inner portion 
is expanded to form a prominent receptaculum seminis which persists 
even in the oldest segments; in mature segments it is sausage-shaped, 
0*18 to 0*2 m.m. long and 0*34 to 0 05 m.m. thick, and in the 
hindmost segments it is oval and about 0*25 m.m. long and 0*14 m.m. 
thick. The ovary is a large fan-like structure with long lobules; its 
aporal portion which is the largest, extends from the anterior to 
the posterior margin of the segment and its poral portion passes 
laterally between the yolk gland and the posterior margin of the 
seginenL The yolk gland lies anterior of the poral portion of the 
ovary and posterior of the receptaculum seminis and vagina; it is 
a transversely elongate massive structure with shallow lobes and 
is from 0*3 to 0*36 m.m. long by 0*15 to 0*18 m.m. broad. The 
shell gland is roughly oval, measuring 0*12 to 0*144 m.m. by 0*084 
to 0*096 m.m. and lies next to the yolk gland, between it and the 
ovary. The uterus makes its first appearance in the 28th segment 
as a median stem; transverse,branches on either side soon appear, 
so that in older segments we find a uterus very similar to that found 
in members of the genus Taenia, consisting of a thin main stem and 
long transverse branches (Fig. 3); there are 10 to 13 main branches 
on either side of the main stem and these may subdivide towards 
their periphery. A well defined, branching, uterus is present from 
the 32nd segment backwards; thi oldest segment is 2*28 m.m. long 
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by 1*85 m.iu. broad, bid contains no fully developed ej^gs, so that 
it would ajijiear that the segments are shed before they are completely 
ripe. 

Affinittc. .—The above described species resembles C. lolmta Baer, 
1925, C. symmetrica Baylis, 1927, and (!, yeosciuri Ortlepp, 1938, in 
that the excretory system forms a network of anastomosing canals; 
in this respect it differs from C, (Goeze, 1782) and 

f7. dendritica (Goeze, 1872). The central position of the yolk gland 
behind the ovary, and the i)resen(te of testes behind the ovary 
distinguishes Baylis’ species from the w'rit(‘r’s. (L yeosciuri differs 
from the above described species in the elongate nature of its 
segments, the massive development of its vagina, the position of 
its testes all posterior of the female glands, and the sacculated nature 
of its uterus. Its closest relative appears to be (\ lohaia, with which 
species it agrees in the number of testes and large fan-like ovaiy'. 
Baer’s sj^ecies differs, however, in that the test<‘s meet posterior of 
the ovary and the poral portion of the ovary passes between the 
yolk gland and the anterior margin of the segment, and not between 
the yolk gland and posterior margin of the segment as in the species 
described above. 



Fig. —Cafenotaenia capensis sp. nov. Ripe segment. 

Specific Duiytwsis. —Dipylidinae reaching a length of at least 
23 m.m. by 20 m.m. broad. Segments, except for the posteriormost, 
broader than long. Neck much broader than scolex. Excretory 
system a network of anastomosing canals. Genital pore near anterior 
margin of segment. 200 to 250 testes in an aporal and poral group, 
no testes joining these groups behind ovary. Ovary large and fan¬ 
shaped filling central portion of segment; poral portion of ovary 
passes between yolk gland and posterior margin of segment. 
Ileceptaculum seminis large. Yolk gland massive, anterior of poral 
portion of ovary Uterus with thin median longitudinal stem and 
10 to 13 long lateral main branches on either side. Eggs not 
observed. 

Host: Rhabdomys ptimilio r^ittatvs (Wagn). 

Habitat: Small intestine. 

Locality: Stilbaaistrand, C.P. 

Type (mounted) in Onderstepoort Helminthological Collection. 
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UlLEPIS SFHAKllOCEPHALA (Rud., 1819), JVIeggitt, 1924. 

Numerous specdmens were collected from several Golden Moles. 
These specimens are tentatively referred to the above species, the 
data given in brackets being those given by Junicki (1908). The 
complete strobilae measure 21 to 22 in.m. in length with a maximum 
thickness of 1*8 m.ra. (1-8G m.m.); according to Uujardin's (1845) 
interpretation of lludolpbi’s data fragments may reach a length 
of 54 m.m. by 2 25 m.m. broad. All the segments are much broader 
than long; ripe segments have the greatest length and these are 
0-27 to ()*8 m.m. long by 1*8 m.m. broad. The scolex (Fig. 4 a ) 
is large (very large) measuring 9*72 m.m. (0*578 m.m.) a(*ros8 by 
0*3() m.m. in length. The prominent suckers are unarmed and are 
directed obliquely forwards; they have a diameter of 0*2(i4 to 
0*288 m.m. The rostelluin is 0*12 to 01T2 m.m. long by 0*22 to 
0*28 m.m. across (strongly developed); and carries 44 to 48 hooks; 
these are arranged in two circles, and all the hooks are ])ractically 
the same size and have the same shape (Fig. 4 b and c ); the anterior 
hooks are, however, slightly shoiter; the anterior hooks n.ensure 
0*00 to 0*075 m.m. in length, and the posterior hooks 0*(h;8 t(» 
0*077 m.m. A neck is practically absent (absent), segmentation 
commencing almost immediately posterior of the stolex; here the 
strobila has a width of 0*0 to 0*07 m.m. 



l<"ig. 4 .—Jhlepis sphaeroccptiala (Hud). A = Scolex; B~l^)sterio^ hook; 

C=Anterior hook. 


The longitudinal musculature is well developed and consists of 
two layers of bundles of which the bundles of the outer layer are 
smaller and more numerous; each bundle consists of about 15 to 
20 fibres. 

The unilateial genital pores aie situated in the anterior half of 
the segment. The genitalia consist of a transversely elongate and 
centrally placed lobulate ovary with about 20 testes arranged late¬ 
rally, dorsal, ventral and behind it. The cirrus sac is sausage¬ 
shaped, 0*12 to 0-F32 m.m. long (0*182 m.m.) and 0*036 m.m. 
thick; it extends beyond the excretory (‘unals (in Janicki's Figures 
32 and 33 the ediTus sac is shown extending over the ventral excretory 
canal in one and not reaching it in the other). The cirrus is spined 
and convoluted in the cirrus sac; the vas deferens forms voluminous 
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(joils after enierji^ing fiom the eirrus sac and is enlarj^ed to act 
as a vesicaila semiiialis. The vuj^iiia lies dorsal (vor) of the cirrus 
sac and o])ens into the genital sinus dorsal of this or^an; this is 
an (ixceptional state of affairs but this arrang:enient was shown in 
all the serial sections and toto mounts examined; the vaj^ina is 
slightly wavy, has a diameter of 0 0]7 in.in. and is surrounded by 
prostati(* cells; its inner poitiou is terminated by a median elongate 
receptaculum seminis. The uterus is a transverse lobulated sac, which 
in ripe segments practically fills the whole segment, extending 
laterally over the exiuetory canals especially on the poral side. The 
eggs have two coats, an outer which is very thin and has a diameter 
of 0*0712 to 0 * 07 i ) m.ni. (O-Oo m.m.) and an inner thicker chitinous 
coat, 0-00 to 0*00»1 m.m. in diameter; the onchosphere practically 
fills this inner shell and its hexacanth hooks are 0-017 m.m. long. 

Affinitle.s, —Notwithslanding the fact that the writer’s material 
ap])ears to differ in some resjiects from Jani(‘ki’s redescri])tion of 
this s]»ecies, the writer neveitlieless feels that ihe two materials are 
(■(jspecific; th(» jioints in which these two materials dilfer are the 
differences in the size of the scolices, apparently different position 
of tile vagina (anterior to the cirrus sac in Janicki’s and dorsal of 
this organ in the writer's materials) and the difference in size of 
the eggs; they agiee, however, in that the scolex is large, the 
rostellum well developed, a neck is practically alksent, the segments 
are all Juindi broader than long, the muscMilature is of the same type 
and e([ually well developed, the genital glands are similar, the cirrus 
vsacs aie of the same size, the vas deferens is much coiled and enlarged, 
the uterus tills practically the whole segment and the materials origi- 
nnt(‘ from the same host. 

We are in agreement w-ith Xfagitt that this species belongs to 
the genus Dilepia and not the genus IIymeiiolepis as suggested by 
lllanchard (1891) or liaUhetnia as listed by Baer (1927). 

Host: Chripsochloris nslatira (Linn). 

Ijocation : Small intestine. 

Locality: Newlands and Wynberg, Cape Province. 


DiLEPIS MECiAClimOSA SP. NOV. 

This species was recovered from two golden moles, once (four 
specimens) in association with the previous species, and once (fair 
number of specimens) by itself. The largest specimens, reaching a 
length of 10 m.m., w^ere those found in association w'ith /). sphneroce- 
phala; the specimens of the pure infection were considerably 
contracted. 

Complete specimens varied in length from five to 10 m.m. 
according to the state of contraction, and the maximum wddth of 
the strobila varied from 0*9G to 1*14 m.m. All the segments are 
much broader than long, but the ripe segments tend to become 
proportionately much longer than those anterior of them; ripe 
segments vary in length from 0*144 to 0-24 m.m. 
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The seolex is very similar to that of 1). sphaerocephala; it has 
a transverse diameter of 0*5 to 0*54 m.m.; the suckers measure 0*18 
to O'21 m.m. across and the thickness of the rostellum varies from 
0-21 to 0*26 m.m. There are 44 to 50 rostellar hooks arranged in 
two rows; they have the same shape as those of 1). sphaerocephala 
but are slightly larger; the anterior hooks are from 0*072 to 0*084 
m.m. in length and the posterior hooks vary in length from 0*085 
to 0*092 m.m. A neck is practically absent, only 0*12 m.m. of the 
strobila behind the seolex showing no signs of segmentation; this 
portion has a breadth of 0 42 to 0*48 m.m. 

The muscular system is very poorly developed, and consequently 
the strobilae are semitransparent and can thus easily be separated 
from those of D. sphaerocejihala; the longitudinal muscles are I'epre- 
sented by a few isolated fibres scattered through the inner portion 
of the cortex; the transverse muscles also consist of a few isolated 
fibres. The usual two longitudinal excretory canals are present 
and these show no special peculiariiies; in section of mature segments 
(he average diameter of the dorsal canals is OdOfi m.m. and that of 
the ventral canals 0 012 m.m. 

The genital pores are unilateral and not prominent and are 
lodged in the anterior half of the segment, just anterior of its 
middle. The cirrus sac is a long and weakly muscular organ extend¬ 
ing about one third of the distance across the segment; it is from 
'0*25 to 0*3 m.m. long by about 0*045 m.m. in thickness; it and 
the vagina pass dorsal of the central excretory canal and nerve; 
the cirrus sac lodges a relatively large ciiTus 'which w^hen extruded 
may reach a length of 0*3 m.m.; the cirrus is covered by minute 
spines and has a basal thickness of about 0*03 m.m. and tapers ofi 
to a thickness of about 0*016 m.m.; a very striking feature of practi¬ 
cally all the strobilae is that the (*irri are extruded and under a 
low magnification give the strobilae a frilled appearance along one 
edge. The vas deferens, after emerging from the cirrus sac, is very 
much coiled in a manner similar to that found in D, sphcu^.rocephala; 
it is also much enlarged and serves as a vesicula seminalis. There are 
about 15 testes to each segment, two to thi'ee layers deep; of these 
four to six are poral in position, five to seven aporal and the rest 
dorsal of the ovary; in mature segments they have a diameter of 
about 0*06 m.m. The vagina is slightly convoluted with an enlarged 
lumen which is provided with a euticular lining for its whole length; 
its inner terminal portion is enlarged to form a fusiform re(*epta- 
culuin seminis; the vagina lies dorsal of the cirrus sac but its 
opening into the genital sinus may be either dorsal or posterior of 
this organ. The ovary is a multilobate centrally placed organ, 
occupying about one third of the width of the segment. The sac- 
like uterus, when fully formed, fills practically the whole segment 
and may extend lateral of the excretory canals. The contained eggs 
lie closely packed in its lumen and the diameter of their outer 
covering varies from 0*066 to 0*072 m.m. and that of the thicker 
and firmer inner coat 0*039 to 0*042 m.m. The onchosphere has 
a diameter of 0*033 m.m. and the length of its hooks are 0*017 to 
0*018 m.m . 

A^nities .^—This sjiecies possesses many characteristics which 
show that it is closely related to Z). sphaerocephala; these are the 
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niiture of the S(!olex, rostellum an<l hooks, the or^janisation of the 
l^enital glands and the relative position of the vagina to the cirrus 
sac; it differs from this species however, in that the strobila is 
smaller, the rostellar hooks slightly larger, the musculature is very 
poorly devidoped, the <*irriis sac and cirrus are considerably larger 
and the uterus is not lobed. 

Specific Diagnosis .—Dilepidinae reaching a length of 10 ni.m.; 
rostellum with double row of 44 to 50 hooks, anterior hooks up to 
0 084 m.iii. long, posterior hooks up to 0*002 m.m. long; musculature 
very poorly developed and strobila semi-transparent; cirrus sac up 
to (1*8 m.m. long: cirrus armed, large up to 0*3 m.in. long and 
generally extruded; about 15 testes; vagina dorsal of cirrus sac 
and oi)ens dorsal or behind it into genital sinus; uterus sac-like and 
filbnl with numerous eggs. 

Host: Chry>ocliloris a.siaiira asiatica (Linn). 

Location: Small intestine. 

Locality : Vicdnit;y of (.'ape Town (JNewlands), Cape Province. 

Types in Onderstepoort TIelminthological Collection. 


Illi runxoiDKs cim pai gen. and sp. nov. 

The material available consisted ol one acolex and neck, one 
scolex and j)ortion of strobila, 47 m.m. long, two anterior portions 
of two strobilae, 30 and 45 m.m. long respectively, one central portion 
of a strobila, 41 m.m. long, one posterior portion of a strobila 22 m.m. 
long and several other smaller portions of strobilae. If the central 
and posterior jjortions of strobilae belong to the strobila with head, 
then the length of the worm reaches 110 m.m. The segments are 
all wider than long, mature segments Ijeing 0*45 to 0*5 m.m. broad 
by 018 to 0*1J1 m.m. long: posterior wards the segments l)ecome 
gradually longer: the hindmost segment of the strobila plus head is 
0*84 m.m. broad and 0*48 m.m. long; detached segments, apparently 
ripe ar(» somewhat barrel-shaped, 1*15 m.m. broad and 1*0 m.m. 
long. 

The scolex is somewhat pear-shaped t)*72 m.m. in width by 
0*48 m.m. hmg. The suckers are roun<led and unarmed, the muscular 
portion having a diameter of 0*24 m.m. and their external orifices 
^ing slightly oval, measuring 0*084 by ()*12 m.m. The rostellum 
is fully retracted in both scolices and in this position measures 
0*168 m.m. in breadth by 0*12 m.m. in length. The number and 
nature of the hooks could not be ascertained in the cleared heads, 
consequently one of the heads was teased up; this head showed tlie 

E resence of 77 hooks arranged in four irregular r»)ws; the hindmost 
ooks (Fig, 5 a) are the longest and have the typical triangular shape 
and measure 0*035 to 0*041 m.m. in length hy 0*02 to 0*028 m.m. 
across their base; tlie hooks of the 2nd, 3rd, and 4th rows 
(Fig. 5 b, 0 and d) are somewhat pear-shaped; those of the 2nd row 
are 0*024 to 0*03 m.m. long and 0*011 m.m. thick across their 
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base; those of the Srd row are U 017 to (P021 m.iu. loug and 0-007 to 
0*008 m.m. thick across their base, and the hooks of the 4th row 
0-011 to 0-015 m.in. long by 0*0045 to 0 005 in.in. across their 
base. 

A neck is present, just over 2-0 m.m. in length by 0*54 m.in. 
in breadth. The genital jiores alternate irregularly and are situated 
at about the junction of the first and second thirds of the segment 
margin. A doisal and a ventral longitudinal excretory canal are 
present on either side; the former has a slightly thickened wall 
and a diameter of about O OOO m.m.; the latter is much wider and 
thin walled, its diameter varying from 0-00 to 0*042 m.m. The 
genital ducts pass between the excretory (‘unals. 


A 3 c J> 

I ooafKm. I 

Fig. 5.— Btliter:noides upupui g<*n. t*t. .sp. nov. Hooks from wolex. 
A=Himlinost hook; BsHixik from 2nd row; ()=Hook from 3rd row; 
l)-Hook fram posterior row. 


The cirrus sac is somewhat tlask-shaped with a long neck, it 
is 0 12 to 0*182 m.m. long by 0*042 in diameter and reaches and 
sometimes passes between the longitudinal excretory canals; a 
venicAdar seminalis interna and earterna is absent. There appears to 
he about 10 testes to each segment, four to five poral and five or 
six aporal in position, lateral of the female glands; unfortunately 
they take up stain very lightly so that it is with dittic.ulty that they 
can be made out; their diameter appears to be about 0*04 m.m. in 
mature segments. 

The ovary is a large (*eiitrally placed two-lobed transverse 
organ, measuring 0*18 to 0*15 m.m. across and 0 042 to 0*05 m.m. 
in length; immediately behind it is a large and irregularly shaped 
yolk gland measuring 0*07 to 0*09 m.m. across and 0 ()3 to 0-04 m.m. 
in length. The uterus is first formed as a transverse sac in the 
posterior half of the segment; as the segments grow older a darker 
staining mass of cells apiiears in the anterior half of the segment, 
and this mass eventually forms the paruterine organ. As this organ 
increases in size it assumes an hour-glass shape, presses on the 
anterior central portion of the uterus, with the result that the uterus 
becomes constricted in its middle and now appears like two isolated 
uteri (Fig. Oa), whose cavities are, however, always in communication 
with each other through the narrow isthmus; further gjrowth back¬ 
wards of the paruterine organ causes the uterus to send forwards 
two sacculations which become surrounded by the fibrous paruterine 
tissues Ihese tw^o sacculations become the egg capsules 

and remain joined to each other by the much reduced original uterus 
posterior to the parutereine organ. In the hindmost segments which 
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in the writer's material are all detaclied, the rounded eg:g capsules 
appear to be completely separated from each other (b'ig. (ic), but 
careful observation show that a connection still exists between them 
in the form of the now entirely collapsed original uterus. The 
j)anitei*ine organ has also now become columnar in shape. The eggs, 
of which about ilO to 40 are present in each egg-(;ap8ule, have a 
thin loose outer covering having a diameter of 0*059 to O-OOl m.m.; 
the embryo has a diameter of 0-0»10 to 0*05 m.m. and is closely 
invested by a thin coat. The hexacanth hooks are relatively large, 
measuring 0*02 to 0*020 m.m. in length. 

Numerous rounded chalk bodies are scattered in the cortical 
parenchyma of the whole length of the strobila; they are especially 
evident in the hindmost rij)e segments, where they may reach a 
diameter of 0*025 m.m. 



PiR ().— Hmierniouivs upupai ^en. et. sp. nev. SIjuwiiijj: different stages in 
the formation of paruterine ogg-eapsules. 


Affinities. —The triangulai shape ot the largest hooks and the 
nature of the uterus clearly show that this species is closely related 
to the Tiiembers of the genus Biuterina Fuhrmann. Tt differs, how¬ 
ever, from all the known members of this genus, except B. uitrirata 
(Krabbe, 1882) in that the rostellar hooks are arranged in four rows; 
also in the writer's species the uterus eventually forms two egg- 
capsules enclosed by the paruterine organ. Thiee sy)ecies of 
tapeworms have so far been described from ujmpiform birds, namely 
Ilymenolepu septaria v. Ijinstow, 190(5 Bivterina lohaia Fuhrmann, 
1908, and Taenia intricatn Krabbe, 1882. The first named need not 
be (considered here as it bears no close relationship to the writer s 
s])e(des. Fuhrmann, whose material unfortunately po.-sessed no 
scolices, expressed the view that his species might be the same as 
Krabbe’s, both of which were collected from the same species of host 
Upnpa epops\ the fact that Krabbe’s species was described as 
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carrying four rows of hooks deterred Fuhrmann from making a 
definite decision, especially as the typical number of rows of hooks 
in Biuterimi is two and not four. Moghe and Inamdar (1934) 
examined material from the same host (India) and they were able 
to confirm Krubbe’s obseiwation as to the arrangement of the hooks 
and they concluded that Fuhrmannand Krabbe's species were the 
same. The finding of the above described species also from an 
upipiform bird, is of special interest in that it also carries four 
rows of rostellar hooks. Another feature which these two species 
appear to have in common is the formation in fully ripe segments 
of two uterine egg-capsules enclosed by the paruterine organ; the 
oldest segments seen and figured by Fuhrmann and by Moghe and 
Inamdar show^ two distinct uteri, but these are still external and 
posterior of the paruterine organ; it is quite x^ossible that these 
segments were not yet fully gravid and that older segments would 
have shown the formation of tw’o egg-ca])sules enclosed by the 
paruterine organ, similar to those found in the writer's species. 
The writer’s species can easily be separated from Krabbe's in that 
the latter species has fewer hooks (64) which are larger (0*0196 to 
0 052 m.m.). 

The disposition of the rostellar hooks in four rows and the 
presence of two egg capsules in the fully mature segments are to 
the writer of sufficient importance to M^arrant the creation of a 
separate genus for the reception of the writer's species; in order that 
its close afi&nity to Biuterina may be shown the writer proposes the 
name Biuterinoules. This genus would have the same characters 
as those of Biuterina except that the rostellar hooks are arranged 
in four rows instead of two, and the uterus gives rise to tw’o egg 
capsules in the fully mature segment. The typo species w^ould be 
Biuterinoides upupai described above. To this genus the writer also 
assigns Krabbe's species Taenia intricata; 

t 

Specific Diagnosis ,—Paruterinae reach a length of at least 
47 m.m. and may perhaps exceed 100 m.m. Posterior rostellar hooks 
triangular and up to 0*041 m.m. long; hooks of second, third and 
fourth rows pear-shaped and smaller; total number of hooks ca. 80. 
Genital pores irregular alternate in anterior third of segment. 
Cirrus sac reaches and may extend between excretory canals. Testes 
about 10. Paruterine organ at first hour-glass shaped, later more 
or less columnar. Uterus gives rise to two apx)arentfy separate egg- 
capsules each containing up to about 40 eggs. 

Host: Upupa africana. 

Location: Small intestine. 

Locality: Cape Province. 

Types in the Onderstepoort Helminthological Collection. 


Raillietina (Ratllietina) trapezoides (Janicki, 1904). 

Specimens recovered from the Striped Mouse [Rhabdomys 
pumilio vittatus (Wagn)] and Brant’s Gerbil [Tartera brantsi 
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hrantsi (A. Smith)] are referred to this species. The following table 
will serve to bring out the resemblances betw'een Janieki’s data and 
that obtained by the writer from the mouse and gerbil material. 


Jantcki. Mousi\ 1 GorbilJ. 

I 


Xumber of hooks. 

Size of hooks. 

Number of tostos. 

Length of (’in'us sac. 

Thickness of Cirrus sac... 
XumVjor of egg capsules per 

segment. 

Eggs per capsules. 

Kola lion of (Uirrus sac to 
K.\<*. (^anal. 


160 • 
0*008 m.m 
12-15 

0-105-0-132 m.m. j 
00f*2-0-07ra.m. ! 

i 

30-50 I 

4-5 i 


160 

0*006-0*0075 m.m. 
11-14 
0*12 m.m. 

0*06 m.m. 

Ca. 60 
5-8 


2 (M )-220 

0*007-0*009 m.m 
10-15 

0* 12-0*162 m.m. 
t) *06-0 *084 m.m. 

60-80 

5-9 


Reaches excretory 
canal. 


I loes not reach 
excr('>tory canal. 


Does not reach 
excretory canal. 


I'rom this table it is clear that the only striking differences 
are th(‘ greater number of hooks in the material from the gerbill 
and that in Janicki\s material the cirrus sac reaches the excretory 
canal, which it does not do in the writer’s materials. Notwith- 
.standing tluvse differences the writer considers his and Janicki’s 
niateiials to be cospecific. 



\ Mmm I 


Eig. 7. ' Asairifs suiicattne sp. nov. Cephalic extremity showing structure of 

dorsal lip. 

AsCAHIS SLUICATTAK .SP. NOV. 

Five males, three females and an immature female were avail¬ 
able for study; all had been recovered from two surricats. The 
males are 50 to 54 m.m. long by 1*0 and 1*2 m.m. thick respectively; 
the mature females are (17, 72 and 85 m.m. long and have a inaximutn 
thiekness of I d to 1*50 m.m. In both sexes the body is relatively 
slender, and the attenuation towards both extremities is gradual 
and about the same degree. The eeplialic extremity is straight in 
both sexes. The ])Osterior extremity is straight in the female and 
is terminated by a conical tail 0*48 to 0*024 m.m. long; in the 
males this extremity is bent ventralwards and the tail is 0’2() to 
0*276 m.m. long. The head is slightly constricted oft* from the 
body; in the males it is 0’19 to 0*2 m.m. broad and 0*15 to 0*17 
m.m. high and in the females about 0*3 m.m. wide and 0-19 to 
0*24 m.m. high. Each lip carries a conspicuous dentigerous ridge 
along its inner border. The three prominent lips (Fig. 7) ore 
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slightly wider than long, and their anterior faces are somewhat 
flattened and indented in their middle. The pulp of the dorsal lip 
consists of a basal solid portion from which arises tw'o conspicuous 
auteiior lobes as in figure; its two papillae are large and single. The 
pulps of the lateral lips are very similar except that the doisaJ 
lobe of the pul[> is stouter and better developed than the ventral 
lobe; each lip <*arries a single simple papilla situated in its ventral 
half. Jnterlabia and cervical ala« are absent. The oesophagus is 
simple and carries no appendages or bulb. In the males it is 3 (5 
to 3*7 in. 111 . long with a maximum thickness of ()-3t) to 0*4 m.m.; 
in the female it is 3*6 to 4*2 m.m. long and increases gradually in 
thickness fioiii 0*2 to 0*4 m.m. near its posterior end. The nerve 
ring encircles it at 0*48 m.m. from the anterior end. The vulva is 
a small aperture situated in the anterior body half at about the 
junction of the first and second body quarters or first and second 
body thirds. In two females which measured f>7 and 72 m.m. in 
length its position was 14*5 and 23 m.m. from the anterior end 
respectively. The two uteri extend backwards and are filled with 
eggs; these appear to be rounded and measure 0*072 to 0*075 m.m. 
in diameter. From the eggs m vtero it W'as not possible to delcimine 
the nature of the egg-shell, i.e. if it is smooth or rugose. The tail 
is 0-48 to 0*63 m.m. long and tapers in its jiosierior quarter to end 
in a bluntly rounded point. 



Fig. 8 .—Ascaris mricattae sp. nov. Posterior extremity of male, lateral view. 
Fig. 9.—4searw suricattae sp. nov. Ventral view of posterior extremity of male. 

In the male the caudal extremity is bent ventralwards and alae 
are absent. The tail has a probular projection as in To,wrara ranis 
1 Werner (Fig. 8)], w’hich projection is best seen in a lateral view; 
this projection forms slightly, lhan half of the total length of 
the tail. ^ There are five pairs of post-cloacal papillae, of which 
three pairs are ventral and two pairs lateral (Fig. 9). The 
aateriormost ventral pair is double and is situated just behind the 
cloaca; the two remaining pairs are situated on the probular portion 
of the tail; the two lateral pairs of papillae are also situated on 
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this portion of the tail. Anterior of the eloaca there is a sinj^le 
unpaired pai)illa and a row of H-IO paj)illae extends forwards on 
either side. The two s])ieules, which were not exerted, appear to 
be simple; they are equal, measuring 1*14 to \'2 m.ni. long and 
end in bluntly rounded point>. 

Ajjlnitics. —If it were not for the absence of cervical alae, the 
above described species would be closely related to To,rocara cam a 
(Werner, 1782). The nature oi the pulj) of the lips, tlu* shai)e of 
the male tail and single pa])illae on the lips are very similar in these 
two species; the latter species, however, has, in addition to the 
cervical alae, much shorter spi<ules. Of the species of Ascaris, the 
species A. luinhricoidcs, A, dastjpodina Baylis, 1922, A, larhapan 
Schulz, 19.‘{1, and .1. hippopotami Canavan, Bh‘U, have double 
])apillae on the lips. *4. rolumnaris Leidy, LSob, and A. jojfi S< hulz, 
UWl, have single lij) ])a])illae. Only the iemale of the latter si)ecies 
is known and in it the anterior lobes of the pulp of the lij>s are 
dilferent. According to (ioodey ami (’ameroii (192»1) the male of 
Leidy’s species alsf) has a probular tail, but it differs from tin* writer’s 
species in that the male tail is longer, the arrangement of the p(jst 
(;ola(‘al jiapillae is <litferent, the number of })recolac*al ])apillae is 
greater and the s])icules are much shorter. 

S/tccifir Diapnosts. —As(‘arinae reaching a lepgth of 02 m.m. in 
the male and So m.m. in the female. The three lips are anteriorly 
flattened and carry dentigenuis ridges and singh‘ papillae; cervical 
alae and inter-labia absent. Vulva in anterior body half at junction 
of first and sec’ond body (juarters or first and second body thirds. 
Female tail conical, Male tail bent ventralwards, jjrobular and not 
provided with alae. Five pairs post-cloacal ])apillae, the first pair 
ventral and double, situated just behind clinical aperture; the* 
rejuaining four jiairs on ])robular jiortion ol tail, two pairs being 
ventral and two pairs lateral. Single, median jiapilla on anterior 
lip of (*loaca : 14 to Ki pairs of lateral ])apilla extt*nding forwards 
anterior of cloaca. Spicules sim])le, ecjual and similar, 1*14 to 
1 *2 m.m. long. 

Host : Suricafa suriratfa harnilton (?) 14ios. and Schw. 

Location : Small intestine. 

liocality: Farolina, Transvaal. 

Types in the Onderstepoort Helminthological Follection, 


SrMMAllY. 

In the foregoing the writer discusses five species of (V^todes 
and one species of Nematode; of the cestodes three species are 
considered as new and the sjiei’ies from the noe])oe is assigned to 
a new genus Ktuterinoides closelv related to the genus lHuterina 
Fuhrmann, 1902. The new species are Cateixotaenia capentiis from 
the Striped Mouse, Dilepiii meffacirrosa from the (Jolden Mole, 
BiuterinoidcH vpupai from the Hoepoe and Aararin .Hurirattae from 
the Rurricat. Another species of eestode from the Golden Moh* is 
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identified as Dilepis sphaeTocepIiala (Kud. 1819; and its iuorpliology 
is described. Materials from the Striped Mouse and the Gerbil are 
referred to Raillietina (liailL) trapezoides (Jaiiicki, 1904;. 
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Treatment against Lungworms {Dictyttcaubis 
filaria) in Sheep. 


By II. O. MrtNNlG, Section of Parasitology, Onderstepoort. 


The lungworni Dictyocaulus filaria is fairly widely distributed in 
the grassveld regions of the Union. It is only in n few small centres, 
however, that its presence is obvious, on account of the effects it pro¬ 
duces. These are areas in which moist pastures favour the spread 
of infection. In the other parts the lungworms are usually not 
noticed at all, because they oc(;ur in very small numbers and do no 
damage, but their presence becomes noticeable during and after a 
wet season, such as occurred in the summer of lOdH-dt). In this year 
lungworms were seen to oijcur and to do damage even in the Transvaal 
Highveld, e.g., in the vicinity of Amersfoort, Volksrust and Wakker- 
stroom. It is very probable that a few summers with more normal 
rainfall will cause the w'onns to disappear again, or rather to recede 
into the background, in such areas. 

On the wdiole, therefore, this lungworm is not a cause of serious 
trouble in the Union and, besides, it is known that if infected sheep 
are w^ell fed and protected from adverse weather conditions most of 
them soon recover. The infective larvae are not resistant to desicca¬ 
tion and infection can therefore be avoided by keeping sheep from 
moist pastures. However, if a satisfactory method of treatment were 
available it would be useful, either to prevent losses where an infec¬ 
tion flares up, or as a means of exterminating the parasites altogether. 

Many methods of treatment have been described, but most of 
the older methods were discarded as useless. Only the method of 
intratracheal injection has still several supporters. It was particu¬ 
larly Orloff (1935) who, in recent years, aroused new interest in this 
method by stating that, since the worms were almost exclusively 
located in the posterior, dorsal parts of the lungs, the sheep has to 
be placed on its back, head upwords, in a trough-like receptacle 
whicli stands at an angle of 45® to the horizontal, so that the injected 
fluid WHiuld flow’ into the affected parts of the lungs. After the 
injection the sheep is kept in a sitting position for 20-30 seconds. 
He claimed very good results from two injections, on two succesive 
days, of 10 c.c. of the following mixture: 1 c.c. 10 per cent, tincture 
of iodine, 60 c.c. glycerine and 150 c.c. distilled w^ater. 
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Subsequently other Itussiuu authors confirmed these results, but 
there appeared to be a general preference for one injection of 15 c,c. 
of a mixture of iodine 1 part, potassium iodide 2 parts, water 1,600 
parts. 

In France Velu and Zottuer (1937) used pyiethrin, giving three 
10 o.c. doses of an aqueous solution containing 1 mgm. pyrethrin 
per dose. In this case the drug is administered through the nose, 
l)> means of a rubber tube nieasuniig 12*15 cm. by 4.5 mm., the sheep 
being kept in a sitting position and thereafter on its back for a few 
seconds. Good results were also claimed for this method. 

Some 12 years ago the waiter tested various intratracheal 
injections and also gave a number of drugs per os, but none of them 
had any effect. Recently further tests have been made and it is 
intended to report on these now. 

The tests w'ere made on ai farm in the Transvaal highveld, on a 
flock of sheep in which serious losses were occurring. The method 
used was that of Orlotf. The needle wais directed backwards in the 
trachea and ea(jh sheep was rolled over first to one side and then to 
the other, wdiile the su(!cessive halves of the dose were being slowly 
injected so that each lung should get its portion. 

The first test was made on 4.5.39. From a flock of afleided 
animals 30 w’ere selected which were coughing and in poor condition. 
About a teaspoonful of faeces was collected from each of them and 
placed in gauze, which was then suspended in a specimen tube con¬ 
taining about 20 c.c. lukewarm water. After two hours the gauze 
and faeces were discarded, about 2 c.c. concentrated formalin was 
added to the w'ater and tlie specimens later examined at the 
laboratory. 

The sheep were then treated as follows: — 

No. 1. 16 sheep. 15 c.c.: Iodine 1, Potassium iodide 2, 

water 1,500. 

No. 2. 10 sheep. 10 c.c.: Tincture iodine 1, Glycerin 50, 

water 150. 

No. 3. 4 sheep. 10 c.c. : Tetracdilorethylene emulsion con¬ 

taining 0*5 c.c. C2CI4. 

In the case of No. 2 a second dose was administered by the ow ner 
on the following day. The tetrachlorethylene, No. 3 group, produced 
marked distress and ,one of the sheep died within a few’ minutes after 
having received the injection. 

The rest of the flock, 150 sheep, w^ere all given the same injection 
as No. 1 group of the test sheep, but their faeces were not examined. 
How^ever, they also received a distinguishing mark. 

On 19.5.39, i.e., 14 days after treatment, the owner prepared 
faeces samples from the test sheep which were still alive at that time, 
in the same way as had been done before treatment, and forwarded 
them for examination. He also wrote that a number of the treated 
sheep had died and he had found lungworms in all. The remaining 
sheep had not- improved in condition. 
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The prepared faeces suinples were examined by sutikiiig up 
material from the bottom of the lube bv means of a pipette and 
examining this under the mi(Toscope. In negative cases several such 
samples were examined. The findings were as follows: — 

/Positive 4.5.39. Positive 19.5.39. 

Group 1. 12 of 13 3 of 8 

Group 11.:. 9 of 9 3 of 0 

Group HI . 2 of 2 0 of 1 

The number of spet^imens examined is smaller than the number of 
sheej) because a few specimens were broken in transit to the 
laboratory. 

These results do not appear to be quite dependable, because when 
the second test was made on 30.9.38 eight infected slieep of Group 1 
and four infected sheep of Group II were found. 

It may be (hat the treatment stopped egg-production for a time 
while the worms were not killed. 

The second test, 30.0.39, was ma<le with the assistance of the 
Government Veterinary ()fii<‘er of Krmelo, Mr. M. de Lange, who 
gave the second injections and finally made the jiost-niortem examina¬ 
tions. I wish to express my a])preciation of his willing collaboration 
in I his matter. 

For this test 20 sheeji were selected by faeces examination, as in 
the first test, except that the specimens were examined fresh, on the 
farm. Group 1 was injected with the mixture Iodine 1, Potassium 
iodide 2, Water 1,500; do.se 15 c.c. Group II was injected with a 
proprietary concentrated jiyrethrin preparation “ Pyefly 1*25 (‘.c., 
olive oil 250 c.<‘.: dose 10 c.c. 

The first injection was given on 30.0.39 and half of the sheep of 
eaeh group received a .second injection 13 days later. On 1.8.39, i.e., 
19 days after the second injection tht» sheep then still living were 
killed. The results are given in the following table: — 
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TREATMENT AGAINST LUNGWOEMS IN SHEEP. 


Remarks. Infection 30.6.38.—The grade of infection, estimated 
according to the number of larvae found on examination, was 
arbitrarily indicated as x to xxxx. 

Infection 1.8.39.—The grade of infection found at post-mortem 
was indicated as follows: — 

x: 1- 10 worms present. 

XX: 10- 50 worms present. 

XXX: 50-160 worms present, 
xxxx: over 150 worms present. 

In those cases in which a date is given after the grade of infection 
the sheep had died on those dates and had been examined by the 
owner. He merely noted whether \Yorms were present or not and a x 
in such a case therefore gives no indication of the grade of infection. 

The results of this test can be summarised as follows: — 

Group I One treatment : 3 of 5 still infected. 

Group I Two treatments: 4 of 5 still infected. 

Group II One treatment : 4 of 5 still infected. 

Group II Two treatments: 3 of 5 still infected. 

The results of these tests are not very promising. On the whole 
it would not appear as if intratracheal injections could be very 
effective, on account of the fact that the worms are located in the 
smaller bronchi, in which they lie in a mass of fairly thick mucus. 
Unless a very specific drug can be found and this can be injected in 
a vehicle which will mix with the mucus and so penetrate to the 
worms, this method of treatment seems bound to fail. In cases of 
very light infection the intratracheal injection may possibly be satis¬ 
factory, but such cases hardly need to be treated, unless this is done 
to prevent further infection of pastures. 


Summary. 

Intratracheal injections of iodine and pyrethrin mixtures against 
Dictyocaulus filaria in sheep, administered as described by Orloff, 
were not successful in removing the parasites. It wpuld appear, 
however, as if such iodine injections may stop egg-laying for a 
number of days and in this way led to false conclusions. 
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Mctrshallagia marshalli (Ransom, 1907) Orloff, 
1933 and a New Species of this Genus 
from Sheep in South Africa. 

lly 11. 0. M(')XNl(j, Section of Pnrasit<jlo^y, OiiderstepooH. 


Ill 1907 lliinsom describcMl a nematode parasite from the 
alKimasiim of sheep and named ii Ostertayia marshalli. The same 
species was described in 1910 by Marotel as 0. trirusjns. The 
parasite, althou^rh haviiij*’ many points in common with other species 
of Osiertayia, differs from them in a few important features and was 
therefore placed in a sejiarate new genn.s Siarshallayiay created for 
the purjiose, by Orloff in Meanwliile, in 19d2, Hhalerao 

described Ostertagia oricntalis fixim ^^oats in India and this species 
was transferred to the <?enus Marshallar/ia. by Travassos in 19‘JT. 

J/. marshalli has been lecorded from several (‘oiintries and from 
sheep, R’oat, Unpicapra rupicapra and Camel us hatrarianus. It is here 
recorded for the first time from sheep in the T^nion of South Africa. 

Ill the course of a survey of the Union, made in order to deter¬ 
mine the distribution of Gaigeria pachysrelis,, the egp’s of 
Marshallagia were seen in a number of specimens. These ej^gfs (Fi|>'. T) 
are conspicuous on account of their lar^e size, in which they resemble 
the ej^gs of Nematodirus spp. They are, however, narrower and the 
ends are less pointed, while the emlnyo consists of a morula and not 
of a few cells as in the case of Nematodirus, when passed in the 
faeces of the host. For the purpose of this survey some 2,000 speci¬ 
mens of fresh sheep faeces were collected on farms all over the T^nion, 
placed immediately in 10 per cent, formalin and forwarded to 
Onderstepoort for examination. The method was quite satisfactory 
and such a survey is of great value. The Marshallagia. eggs were 
found only in sjiecimens from the c entral area of tlie sc»-c*alled South 
African desert, the Karroo, that is in the ('alvinia - l)e Aar - Beaufort 
West area, which has a very low rainfall. Incidentally it may be 
iioted that Nematodirus eggs were similarly seen only in specimens 
from the Karroo, although its distribution is, wider and covers the 
whole of this region. 
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Mnrshallagia ef^gs were subsequently found «t Onderstepoort in 
the faeces of sheep introduced from the infec'ted area and the worms 
were found at post-mortem examination. Ostertagia is usually found 
in the posterior, fundus portion of Ihe abomasum, while the 
Marshallagia worms were always found, in the ceases so far examined, 
to inhabit mainly the anterior portion of the abomasum, close to the 
entrance of the oesophageal groove. 

Marshallagia marshalli (Ransom, 1907). 

All the worms collected so far, with the ex<*eption of one male, 
belong to this species. 

The worms are brown in colour and lie in the mucus covering 
the mucous membrane. They <*ould be mistaken for males of 
IlaemoHchva coniovtus^ although these are stouter. The head is incon¬ 
spicuous and its cutnle is not inflated. The body cuticle is marked 
by longitudinal ridges which vary in number in different regions; at 
tile middle of the body there are about 28 ridges in the female and 
ri4 in the male. The oesophagus is simple, club-shaped. The cervic al 
papillae are small, triangular. 

The females are IG-Ti-lS-S mm. long (12-20 mm., Ransom) and 
0143-0‘208 mm. wdde just behind the vulvar region. The bead is 
0-022 mm. wide! The nerve ring is situated O'O-O-Jll mm. from the 
anterior extremity, the excretoiy pore 0*342-0*39 mm. and the 
cervical papillae 0*385-0*422 mm. The oesophagus is 0*858-0*897 
mm. long. 

The vulva is in most cases covered by a cuticular flap and is 
situated 3 * 705 - 4*186 mm. from the jmsterior end of the body ( 2 * 5 - 
5 mm., Ransom). There is a short vagina which opens into two 
ovejectors, arranged according to the>amphidelph type. The muscular 
ovejectors are 0 * 364 - 0*429 mm. long. The eggs are longate-oval, 
with rounded ends, containing a well-developed morula stage and 
measure 130-200 x 55 - 89 / a . The tail of the female measures 
0 * 26 - 0*3 mm, and tapers out to end in a slight knob-like swelling; 
the po.sterior quarter shows transverse striation of the cuticle. 

The viales are 11*5-12*5 mm. long (10-13 mm., Ransom) and 
0*17-0*175 mm. wide across the region of the heads of the spicules. 
The head of the male is 0*021 mm. wide. The nerve-ring is situated 
0*3-0*35 mm. from the anterior extremity, the excretory pore 0*34- 
0.35 mm. and the cervical papillae 0*377-0*43 mm. The oesophagus 
is 0*82-0*85 mm. long. 

The bursa ha/i two large lateral and a small dorsal lobe. The 
latero-ventral ray is larger than the ventro-ventral and initally 
diverges from the latter, but distally it again bends forward so that; 
the tips come close together. The antero-lateral stands apart from the 
other two lateral rays and ends in a blunt tip. The medio-lateral, 
postero-lateral and the externo-dorsal rays are close together and 
end in slender tips; the externo-dorsal ends some distance from the 
margin of the bursa. The postero-lateral is a slender ray throughout 
and is attached to the medio-lateral in a characteristic way. The dorsal 
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ray j^ives off the exteriio-dorsal at its base; ilie dorsal stein is slender, 
0-280-0-272 inin. loii/r and bifurcaies in less lhaii tlie posterior quar¬ 
ter of its len^>‘tb ; each bifur(*atioii bears a small lateral branch behind 
its middle and ends in a bifurcate tij) near the margin of tlie bursa. 

As in theie is a large accessory bursal membrane 

supported by two slender rays. Prebiirsal papillae are ])resent. 

The spicules are brown in (*olour, 0*255-0-280 mm. long. Their 
structure is not clearly seen unless Ihey are dissected out, as each 
spicule ends in tinee slender tips which bear large cuthuilar mem¬ 
branes. One of these ti])s is slender and ends in a priint, another is 
stouter and longer and ends in a bifid tip, the third is still stouter and 
ends squarely. 


Maiishallaiua imEvisriruLi^M n.sp. 

A single male was found, together with J/. rnarsItalJi, and no 
females could be seen in this material, which might be^loiiK to this 
new species, although they would probably be very similar to those 
of .1/. nwrshalh. 

The worm is brown in colour and 12 mm. long, by 01G9 mm. 
broad across the heads of the sjucules. The head is not conspicuous 
and 0 ()2J mm. wide. The nerve-ring lies 0.»125 mm. from the 
anterior extremity, the (‘xcretory poie 0'»i51 mm. and the cervical 
jmpillae 0 ^85 mm. The body cuticle is marked by 42 longitudinal 
ridges at its middle. The bursa is veiy similar to that of M, tnarshalh, 
also as regards the attachmcui of the postero-laferal ray. Tlie dorsal 
ray is 0-25 mm. long, rndmrsal jiapillae are present. The soicules 
are stout and shoit, 015 mm. bmg. The single specimen could uot 
be dissected and the spicules therefore not clearly seen, 1 iit their 
appearance is shown in the accompanying figures (Nos. 5 and 6). 
There are two acute, curved lips distally and ajiparently also a 
rather blunt continuation of the main body of the spicule which is 
not as long as the two tips. 

I/o,st: Ovis arivs, 

Lora t io /?.: Abom a sum. 

Locality: De Aar. 

Type in Onderstepoorl Ilelmintbological Collection. 
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I. IHTRODUCTION. 

In the first publication (du Toit, et al, 1932) of the above series 
it was stated that the investig’atiou was undertaken to define the phos¬ 
phorus deficient areas in the Fnioii of South Africa. The possibility 
of other mineral deficiencies and a study of the feeding? value in 
general, in so far as figures for crude protein, crude fibre and carbo¬ 
hydrates could provide a criterion was, however, also kept in mind 
when the scheme was under consideration. In other words the need for 
more detailed data on pastures generally and their bearing on 
problems of nutrition and disease may be considered to have formed 
the basis for the series of investigations. 

123 



PEEDIKG VALUE OF FASTUllES IN SOUTH AFKICA. 


Originally it was decided to analyse the soil from selected areas, 
the herbage growing on that soil and" the blot|d of cattle grazing on 
the pasturage. It was thou<?ht that a definite correlation existed 
between these three sets of data and that possibly the c(dlection of 
data on any one of these sets of analyses w’ould yield sufliciently 
accurate results to render the other two superfluous. The scheme was 
divided into two parts, one of which aimed at studying the effect of 
stage of growth on the chemical composition, yield and digestibility 
of iudigeiious grasses established on experimental plots. The results 
of this work have been reported by du Toil ct aJ (19^14, 1935) and 
Louw (1938). The other part of the scheme dealt with a mineral 
survey of the pastures of the XTnion. Samples of soil, vegetation and 
blood were ccdlected and forwarded to 0nder8te])oort by about forty 
Government field veterinary Offi(*ers, each selecting an aera for 
collection in his district. The first three surveys took place in May, 
1930, May, 1931, and Oc tober, 1931, respectively, after wdiich regular 
collections were made during January, April, July and October of 
each year until April, 1933. After the first three survc^ys wliich were 
reported on separately by du Toit ef a1 (1932) the collection of soil 
samples was dist*ontiuiied. The results warranted the conclu^inn that 
soil analysis does not luovide a satisfactory method for studying the 
feeding value of natural pastures as obviously i)asture cm poor soil 
may yield excellent values if the sam[des for analysis are taken at 
an early stage of growth of the pasture. 

Reporting on the succeeding surveys comprising the analysis of 
pasture and blood samples at three-monthly intervals (collected until 
April, 1933, du Toit and his collaborators (1935) titated that Ihe 
diagnosis of phosphorus deficiency in j)asture by determining the 
inorganic phosphorus (*ontent of the blood of animals grazing such 
pastures is simple and accurate, but that the surveys were intended to 
he a study of the feeding value of Kouth African pastures and not 
merely a study of their phosphohis content and henc’e pasture 
analysis, which is essential for a study of the greater x>i’<>blem of the 
feeding value of the pastures and whicdi incidentally imdudes the 
determination of phosphorus in the pastuies already covers the field 
of f)ho.sphorus deficiency. Blood analysis was therefore eliminated 
from the subsequent surveys which were carried out on an extensive 
scale. Naturally blood analysis would have involved the bleeding of 
many hundreds of animals over extended periods, a procedure wliich 
after several repetitions w^as generally met with a certain amount of 
opposition on the part of the farmers. Another obstacle in the way of 
drawing the blood and prepaiiug it for despatch to the lalxnatory for 
anailysis was that sufficient professional assistance wos not availalile to 
analyse and handle such a large number of samples simultaneously. 

On the other hand, Government stock inspectors are stationed 
practically all over the Union and it was consequently decided to 
entrust to these stock inspectors the work of collecting and despatch¬ 
ing of pasture sampiles to Onderstepoort; this procedure increased 
the number of samples actually collected since November, 1938, very 
considerably. In fact, whereas iirevious to this date only about forty 
samples were collected every three months by a limited number of 
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field veterinary officjers the stock inspectors collected and despatcihed 
to ()nderstei)oo]i every month between 200 and 250 pastnie samples 
for analysis. 

The present re])ori deals with the results of this more (*ompre- 
liensive survey wliich coveis a period of two years from November, 
19f‘h‘b to October, ]0»‘i5. 


II. PLAN OF THE INVESTIGATION AND METHODS. 

In October, 19»‘b3, some 240 stock inspectors stationed all over 
the LTnion were instructed each to (‘ollect and forward to Ouderste- 
])oort a sample of jmstnra^e during every month of the year. For this 
j)ur])ose each inspector had to choose three farms in liis own area and 
on these farms the samples had to be collected in rotation a’ follows: 
a sample of the pasture was <-o]lected on farm No. 1, in, say, 
November. In December, when the secmid sample had to be collected, 
it was taken fjom farm No. 2 and in danuary on farm No. i}. In 
February the sain]de was again taken on faim No. 1, in Alarch on 
farm No. 2, etc. Hence, over a i)eriod of 12 months, for instance, 
from November, 1944, to October, 1944, the samples would be 
(‘ollected— 

on I’anii N<». 1 in November, Fel>ruary, May and August, 
on farm No. 2 in December, March, dune and Se]dember, and 
on farm No. 4 in January, April, dul.v and October. 

According to this new scheme the number of farms on wliich samples 
of pasturage would he ('olb'cted was increased from a])i)roximately 
40 to almost eight humlred and the method to lie followed in collect¬ 
ing the samples was at the same time modified. 

The choice of pasturage for analysis in the new scheme was 
indirectly delegated to the grazing animal itself, the uiuierlying 
motive being to ensure the colle(*1ion of a composite sample of herbage 
which would as far as is practicable be re])re>entative of what the 
animal actually ate on the day when the sample was collected. In 
order to a(‘complish this object a number of animals had to be 
followed while grazing by the stfudi inspectors mIio selected the 
analytical sam])le to corres])ond as closely' as possible to what the 
animals he was following actually ate. If tJie animal followed took 
a mouthful of leaves of a certain kind of grass the stock inspector 
would also collect a handful of leaves from the same tuft, or from 
«)ne of the same kind of grass,and place this in his collection bag. 
If the animal then took a m.outbful of seedheads the Inspecdor would 
collect a bandful (»f seedheads from tliat tuft or a similar one and 
plaee it in the same hag as the first handful of leaves. If the animal 
then took a mouthful of bushes he also collected a liandful of the 
same bushes into the same hag as the first two samples, and after 
following five or six animals and collecting about 2 lb. of vegetation 
in this way his sample was taken to approximate that which the 
animals had actually eaten very closely. The inspectors were 
requested when following sheep to si)are no pains to collect a 
representetive sample of what the .sheep acduully consumed. 
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In areas where the pasture was composed only of grasses or of 
bushes the samples collected probably ai)proached a true representative 
sample of what the animal actually consumed more dosely than 
those collected in areas where mixed samples—grass and bush—were 
collected as obviously it is difficult to collect these in exactly the 
same proportions that they are consumed by the animal. 

Differences in chemical (‘omposition do exist between one species 
of grass and another and the aerial parts of a grass plant (leaves, 
hamins, etc.) also differ in regard to their mineral and protein contenis 
but these differences are not of such a magnitude that the composition 
of a sample collected by only approximate simulation of the grazing 
animal by the collector would differ materially from that of the 
herbage actually consumed by the animal. Samples collected on veld 
composed of bushes only will for similar reasons also be highly reliable 
as indices of actual consumption. Since, however, as will be evident 
when the results are discussed later on in this report, the chemical 
composition of bushes and grasses may diffei considerably in the 
case of certain constituents, the collection of a representative sample 
of herbage on pasture composed of bushes and grasses will decidedly 
confront the collector with greater difficulties, in that he has to collect 
a sample which must not only contain the species (grass and bush) 
selected by the animal but the degree of preference exhibited by the 
animal for either grass or bush must be reflected in the percentage 
of either of these veld types in his composite sample to be submitted 
for analysis. 

On reaching the central laboratory at Onderstepoort the samples 
were dried, if necessary, described, freed from soil, finely ground, 
bottled and put away for chemical analysis. The description of the 
pasture samples was somewhat superficial. The following is a brief 
explanation of the descriptive terms employed: Samples were 
composed of either grasses only, bushes only, or of mixtures of 
grasses and bushes in varying proportions. The term bush was 
used in the case of all non-graminaceous perennial and annual 
plants. A sample of grasses only was described as ‘‘ grass, green ; 
“ grass, mainly green “ grass “ grass, mainly brown and 
grass, brown ”, The terms “ green ’’ and “ brown ” are self- 
explanatory. The term gravss ” indicates that it was judged that 
the sample was composed of roughly equal amounts of green and 
brown grass, respectively, whereas a sample was described as '' mainly 
green ’’ or “ mainly brown depending on the estimated amounts 
of green and brown grass in the composite sample. In addition, 
certain outstanding features in a grass sample were described. Thus, 
a sample was “ leafy ” when it was almost entirely composed of 
leaves only, few stalks being present; or “ long when the sample 
forwarded was made^ up of the aerial parts as a whole of grass tufts 
12 inches or more in length. Also, the grass in a sample was 

described as short ’’ when the effective growth on the tufts was 
not more than about 2-3 inches in height either due to overgrazing 
or very little new growth at the commencement of the rainy season. 
The advancing stages of maturity in the case of bushes were not 
described, since, on the one hand, the bush samples received were 
in the majority of cases “green’’ and, on the other hand, the 
description for a mixed sample of bushes and grasses would have 
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been too long ami cumbersome. The term “bush iheji, meant 
that the 8ami)le was <!ompose(l of bushes only; (les(*iil)iug a sample 
as “ grass and bush ’’ signified a com])o*il.‘ sample of the two veld 
types in which the amounts of bush and grass were more or less in 
the ratio of I;!. A ])reponderanre of one or the other veld type in 
the composite sample was indicated by adding the words “ mostly 
bush ’’ or “ mostly grass ”, as the case may be, to tlie description 
given above. To illustrate, the description : ” (irass, mainly green, 
leafy, and bush; mostly grass w'ould mean that, in tlie first place, 
there was proportionately more grass than bush in the composite 
sample and, in the second place, the grass moiety of the sample 
consisted almost exclusively of leaves, the majority of which were 
still in a green state. 

The descri])tion of a sample was imjluded with Ihe S(jherae in 
order to give a rough indication of the stage of growth of the plants 
composing the pasture sample so that the influence of stage of growth 
on the chemical composition may be judged in the case of every 
sample c<dlected. JTowever, these descriptions as indices of stage 
of growth must be looked upon as only approximate; a “ green ” 
sample might for instance be composed of herbage at a stage of 
growth ranging from anything between tw’o weeks and two months; 
i.e. at any stage from tillering to post-flowering or seeding. 

As stated previously some ii4(t sto(*k inspect.oiis w'ere entrusted 
with the task of collecting pasture samples and the actual work had 
to start in November, 19-13. This meant that over 709 farms w’ere 
involved, although this number oscillated considerably during the 
(‘ourse of the investigation. The majority of offi(*ers responded 
immediately by forwarding their first samjdes during November 
while a few’ collected their first samjdes only in December or even 
January and February of 1934. 

It was originally intended to continue the c(dlection of samples 
foi at least three years but it w’as soon reali^ed that owing to the 
large amount of analytical work involved the available chemical 
staff would be unable to comjdete all the analyses in a reasonable 
length of time. Foi* this reason it was decided to cov(‘r a period 
of tw’o years only and the collection of sain])les which, as stated 
j>reviously, was started in November, 1933, was discontinued iti 
October, 1935. 

It may, finally, be stated that the instructions in regard to the 
jnethod of rotating the collection of sami)les on three chovsen farms 
were strictly adhered to by officers in only about 50 j)er cent, of the 
cases. For good reasons many offi(*ers had to re])l4ice one or more of 
their original farms with different ones, or the date on w’hich a 
collection had to be made on a certain farm had to be altered. This, 
how’ever, is not (Considered a serious defect in the scheme since the 
obje(d is not so much to determine the feeding value of the pasture 
on certain farms but to get an average (piality index of pastures in 
different areas or districts of the Fnion at different times of the year. 

All chemi(*al analyses are given on a dry matter basis and the 
methods employed w’ere the same as those described by Lotw (1938). 
Altogether (dose on 5,000 samples were analysed. 
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III. RE9ULT8. 

(1) General. 

Tables giving the analysis on the basis of the dry matter 
together with a description of each individual pasture sample 
received are presented in an appendix to this report. Owing to the 
mass of data collected it is impossible to consider each farm or 
locaility by itself. It has consequently been decided to divide the 
country into eighteen different areas (see Chart I) and fo construct 
tables giving the average composition of all the samples collected in 
each area and during each month of the year separately. The 
principal districts comprising an area are given in a legend to 
Chart I. No samples were (collected in areas (e.g. Basutoland) not 
marked on the chart, while the analyses of the limited number of 
sam|)les which arrived from the strip of (‘ountry stretching from 
Piquetberg on the west coast along the south coast to Humansdorp, 
marked 0 ”, are given in the appendix only; the calculation of 
jiverages from the available data for this region was not consideied 
justifiable. 

The division of the country into eighteen areas was made 
mainly on the basis of the Botanical Map of the Union of South 
Africa (Pole-Evans, 1936). Although, to a certain extent, rainfa 
was also taken into account, the division into areas remains some¬ 
what arbitrary. 

It was thought that more reliable values would be obtained for 
the composition of the pasture if the analyses of the separate years 
were not considered separately. Consequently, the’analyses of all the 
samples collected during any one month, irrespective of the year, 
in, say. area 1 were grouped together and average values for eacdi 
(U)nstituent calculated for that partiriilar month. In this way average 
values for each constituent determined and for each of the twelve 
months, January to December, were calculated in the case of every 
one of the 18 areas into w’hich the Union was divided. These average 
values for an “ average ” year though not, as may be expected, 
applicable to the pasture on each of the farms situated in that area 
separately may, nevertheless, be taken to pix>vide a fair criterion for 
judging the feeding value of the pastures in the area as a whole, 
particularly with reference to the changes in the feeding value of the 
pastures from January to De<'ember. 

The rainfall data for the two years from November, 1933, have 
been treated in a manner similar to that outlined above for the 
chemical analyses of pasture samples in order to arrive at average 
monthly rainfall figures for an y average ” year in the case of each 
of the 18 areas in queJstion. Briefly, it means that, for instanc^e, the 
mean rainfall for tfanuary in area 1 was obtained by averaging all 
the available rainfall data registered on farms in area 1, from which 
^mples were a(*tually forwarded, during January, irrespective of 
the year. Unfortunately, not all the farms where the pastures were 
sampled were provided with rain guages, so that in many cases the 
rainfall data of the towns or villages nearest to such farms had to be 
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uliliHed in order to make the averaj^e fijirure as representative as 
possible of the area as a whole. The averagr<^ monthly rainfall fiffiires 
raleulated as indicated are j^iven in Table 1 in incnes. 

Judging' from the averages for different areas given in a publica¬ 
tion by Schumann and Thompson (1934) on (;ertain aspects of rainfall 
in South Africa, and from the Reports of the Union Meteorological 
Office for the years 1934 and 193o, the former being on the whole 
above and the latter year below normal in regard to rainfall the 
‘‘ average ” year arrived at from the data of the two years covering 
this investigation seems to be a fair indic'ation of normal conditions. 

A study of the’^descriptions of individual samples given in the 
appendix reveals the foPowing : 93-99 pc»r cent, of the samples 
originating from areas 1-4, from arcms (i-8, and from area 11 were 
cMunposed of grasses only, the rest b^ing “ bush (xrasses were 
predominant in mixed samples from areas o, 9, 10. 12 and 13, the 
percentages of samples compc^sed of bush only being 12-0, 10*0, 17-0, 
20’0 and 34-0, respectivcdy. ih\ the other hand, the samples from 
Area 17 were made up almost exclusively of bushes; bushes pre¬ 
dominated in the samples forwarded from Areas 15 and 10. only 
about 20 per cent, being <‘omp(»sed of grass, whilst in the remaining 
two areas, numbers 14 and 18, the' numbers of grass and bush 
samples, respectively, weie ap[>ro\imatcdy the same. The percentages 
of grass and bush samjdc^s cdted above do not, of course, and are not 
intended to, reflect acdual conditions in the veld with mathematical 
precision, hut judging from a knowb‘dge of veld c‘onditions in some 
of the areas and the hotanicail map previously referred to, the })ro- 
poiiions of grass and bush samples in the total numbers forwarded 
from the various areas, and reflected in these perc*entages, may he 
taken to be a fair apjuoximation in the case of most areas. 

The average monthly cheiiiicail caimpositioii and the range of 
variation in the c.om)K>sition of individual siimples are given in 
ables 2 and 3 and tables 8 to 14 for each of the IS areas into wdiich 
the country has been divided. Reference should be made to table 
2 for a record of the numbers of samples analysed for each 
month, and tor an approximate description cjt the type of veld in an 
aiva as a whole. The range values, giving minimum and maximum 
figures' for each month, were included to indicate the wide differences 
t"hat may occur in the composition i>f samples I'ollected during the 
same month in any one area. 

Naturally, considerable variation is expected in samples secuired 
over an extensive region of natural veld—the areas in (piestion 
measure 8,000 square miles and more—if the factors influemdng the 
cJiemical c.omposition of such pastures are kept in mind. In this 
conneetioii reference needs only to be made to the fact that most 
of the rain in the greater part of this c(»untry falls in the form of 
intermittent sliowers resulting often in considerable variation in the 
preciiutotioii on two adjacent farms, let alone on farms 50 <>r more 
miles apart in the same area. Although the influence of soil fertility 
and botanical composition of the pasture is by no means negligible 
the main facdor res])onsib]e for the w'ide differences in the chemical 
(‘om})osition of ])asture samples from the same area is no doubt the 
variable rainfall wrhich in turn is responsible for pasturage at various 
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stages of maturity. Tlu* existence of the j^reat xariation in tlir 
mineral and jn-oteiii contents of the pasture samides collected during 
the same month inevitably impairs the significance of the average 
values somewhal. At the .same time the average values whicth will 
form the basis of the following discnssion may be taken to descrila* 
even if it is only in a rouf^h way, the quality of the ])asturaKe of a 
specific area as a whole more closely^ than would any of the individual 
values within the ranj»‘e of variation ob.siuved. In paiticular tln‘ 
averaj^e values afford a valuable picture of the seasonal tendency in 
the chemical composition <»f the pasturage. 

(2) PllOSlMKUn S \NO PlM DK PHOTKIX. 

The average values for jihosphorus and crude protein given in 
tables lii and *1 f«vr the 18 areas separately are presented in graphi(uil 
form in Pigs. 1 to 5. The outstanding feature in these graphs is 
the gradual dovvnvvai<l tendency from January to July or August 
follovve«l by a rise of varying intensity to Xovemlau* or l)eceml)er for 
both P ami protein in the <*ast* of all the grassland areas of the 
Union. This downward and upward curve is closely correlated with 
the rainfall in the areas concerned as will be evident from a glance at 
table 1. On the other hand the graphs describing the monthly 
averages foi mixed (grass and bush) veld do not show a fletiniti* 
tendency from Januaiy to December. 

The irregular flu<*tuatioiis may probably be mainly asiribed to 
valying pioportions of busbes and glasses in the mixed samples 
colleeted. from month to month and to the fact that hushes iire more 
resistant to drought and retain their nutritive properties longer than 
do grasses, as is evident from the higher level in the average valutas 
for both phosphorus and protein in samples (containing a high 
percentage of bush throughout the year. The mimual composition 
and protein content of bushes are influenced, though nut to tin* 
same extent as are grasses, by^ rainfall as is evident from a .study of 
the monthly average values and rainfall for Area 17, a wdnter rain¬ 
fall area, and the only one in wdiiidi the samples c()lle(‘ted were practi¬ 
cally all (*om|)osed of bushes only. Unlike all other areas maximum 
values for P and prot(dn were here obtained during the winter 
months. 

An examination of the phosphorus and crude protein figures show'i 
that at no time can the pastures of the Union be considered to be 
rich in these constituents us jndgml by oversea sturiHliircls. In tlu^ 
sniimier rainfall grassland areas the phosphorus and protein values 
rea<di their highest levels in Xovmnber, December or January, 0 12 to 
0’17 per cent, and 7 0 to 0 () per cent, le.spectively. From January 
there is a gradual decline to the extremely low values of 0*05 to 
0 07 and 3*3 to 4*0 per (^ent. for phosphorus and protein, respectively, 
in July or August follovred by a gradual ri.se to the higher values 
refeired to above. 

Exc^t foi^ Areas 17 and 18, the averages for samples from 
areas where a Hgh percentage of bushes were present in the sain|d(*s 
or whei’e bushes were predominant show* not only higher uiaMiiia 
but the rainimnm values al.so aie higher than those of the grassland 
areas. Figures for phosphorus never go below 0*11 per cent, in the 
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4.*--SliowiiiK the seasonal vaiiations in the phosphorus and crude protein 
contents ot the natural pastures of areas 13. 14, 15 and 16. 
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Tabub 2. 

Mean Phosphorus (P) Content of Pastures (Numbers of Samples aiuilysed and Rnnye Valves included). 
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course of the year while values of between 0*14 and 0 20 per cent, 
are the rule rather than the exception. Similarly crude protein 
fij^ures seldom fall below 7*0 per cent., most values fluctuating 
between 7*0 and 10*0 per cent. Phosphorus values for Areas 17 and 
18 are somewhat lower than and protein values on the whole of a 
similar magnitude as those for the other “ bush veld areas. 

The diflerences in regard to phosphorus and protein contents of 
the pastures in the 18 different areas are most pronounced between 
those areas classified as ‘‘ grass land ’’ and those in which bushes 
predominate in the pastures. Whereas in the lastmentioned areas 
the phosphorus content of the pastures flucituates between about 0*12 
and 0*20 per cent, and the protein between 7*0 and 10*0 per cent, in 
the course of the year, the percentage of these constituents in samples 
composed of grasses only fall from peak values around 0*14 per cent. 

[ >hosphorus and 8*0 per cent, crude protein during summer to as 
ow as 0*05 per cent, and 8.3 per cent, respectively, in the dry 
winter months, corresponding with a change from green and succu¬ 
lent to dry and brown pasturage. Furthermore, the low values in 
the grass pastures persist for a (considerable part of the year. In fact, 
speaking generally, phosphorus values are below^ 0*10 per cent, 
and protein less than o O per cent, for three to six months of the 
year depending on the area. From a purely qualitative point of 
view’, taking chemical composition as the criteiion it seems warranted 
t(» conclude that bush pastures are superior to grass pastures under 
our climatic (conditions. However, a conclusion based only on the 
ciualitative indices of pastures cannot under all (orcuiustances be 
accepted as final. The problem of the quantity and density of edible 
herbage available and that of the type of animal to be grazed on 
the pastures must necessarily be taken into consideration. In this 
connection it may be mentioned that the pastures of Areas 13, 14, 
15, K), 17 and 18 classified botanically as ‘‘ desert shrab are best 
grazed by sheep, the small karroo bushes which are the mainstay 
of these pastures, especcially during dry seasons, being not so suitable 
for cattle farming. On the other hand, the natural grasslands of 
the northern i)rovinces and Natal may be utilised for both (cattle 
and sheep. On the w'bole it may be expected that these grass 
pastures will yield more food per unit of area than will the bush 
pastures of the (\ipe Province. In general it may, therefore, be 
stated that an animal will require less time and a smaller area to 
fulfill its daily requirements in regard to the amount of food needed 
on grass than on “ bush ” pastures. 

A study of the average phosphorus and protein values for each 
of the 18 areas separately reveals differences in the (juality of the 
pastures not only between the two major groups grass and 
bush ” as indicated above but also within each of these two main 
types of pasture in the Union. 

Areas 1 to 5 comprise practically the whole of the tall grass 
area lying east of the Drakensberg escarpment and the coastal belt 
stretching from East London northwards. Of these areas numbers 
2 and 5, both including a portion of the coastal belt, may be con¬ 
sidered to be superior to Areas 1, 3 and 4, as judged by the average 
phosphorus and protein contents of the pastures. In the case of 
phosphorus the graphs show that not only are the maximum valuei 
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obtained for the summer months higher in the pastures of Areas 2 
and 5 than in those of Areas 1, 3 and 4 but also the minimum values 
for the winter months are appreciably higher in the former than in 
the latter set of areas. The average protein values in Areas 2 and 
5 are likewise better than those in Areas 1, 3 and 4 in that the winter 
averages do not fall to such low levels. It should be mentioned 
that a fair percentage of bushes were present in the samples from 
Area 5. 

Of the remaining three areas situated in the typically grassland 
regions of the Union, viz. Areas 6, 7 and 8, the last two areas may be 
taken to be practically the same as Areas 1 and 3 with reference to 
the average phosphorus and protein figures of the pastures from 
January to December. On the other hand, Area 6, comprising a 
stretch of country which includes a portion of the north-eastern Cape 
and eastern half of the Orange Free State shows a definite improve¬ 
ment in comparison with Areas 7 and 8, phosphorus and protein 
values being on an average higher both during the rainy and diy 
seasons. 

Areas 9, 10, 11 and 12 are situated practically wholly in the 
Parkland region of South Africa. Although this region is characterised 
botanically as “ open woodland and orchard country of evergreen and 
deciduous tree and bush, open woodland country of suptropi(‘al ever¬ 
green and deciduous tree and thorn forest, and thorn country ” (Pole 
Evans, 1936) the samples of edible pasture forwarded from the aVeas 
situated in this region were composed mainly of grasses. The position 
in regard to the phosphorus and protein content of. the samples from 
Areas 9, 11 and 12 is no better than that in, for instance, Area 7. Here 
again, however, an improvement is noticeable in the case of Area 10, 
comprising the Letaba and Zoutpansberg tlistricts. About one-sixth 
of the samples from this area were Composed of evergreen deciduous 
tree and bush, and this circumstance, no doubt, was responsible for 
higher average phosphoi-us and protein figures aithough the improve¬ 
ment in the protein values are not such as to warrant special mention. 
It is to be noted, however, that in the case of Area 12 covering the 
Mafeking, Vryburg, Kuruman and Barkley West districts and 
situated in thorn country with an infiltration of Desert Shrub, the 
presence of about one quarter of the total samples analysed in the 
form of bush while improving the average protein figures from 
January to December did not materially improve the phosphorus 
figures when compared with an exclusive grassland region like Area 
8. The low vallues obtained for this area in spite of a fair admixture 
of bushes in the samples, an admixture which in all other cases 
resulted in higher phosphorus values, bear out the known prevalence 
of Lamsiekte on the natural pastures of this region. 

Of the remaining six areas numbers 18, 14, 1 5 and 16 lie 
exclusively in the Desert Shrub region while the vegetation of Areas 
17 and 18 covering the north western portion of the Cape Province is 
mainlv composed of desert succulents and desert grass. The 
phosphorus figures for the latter two areas are as previously pointed 
out lower than those for the Desert Shrub region but are nevertheless 
better than the figures for purely grassland areas. The superiority 
of the Desert Shrub to the grassland country with reference to the 
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phosphorus and protein contents of its pastures has already been 
referred to. It remains only to point out that jud^in^ from the 
graphs depicting average phosphorus and protein figures Area 14 is 
somewhat better than Areas l*‘l, 15 and lo. 

From a purely qualitative point of view, i.e., judging from their 
percentage content of the essential nutrients, phosphorus and protein, 
the naiural pastures of the Union may, therefore, be provisionally 
divided into three categories, viz., those low in pliosphoius and protein 
a second group showing medium values, and, lastly, those pastures 
containing (.oinparatively high percentages of phosphorus and protein 
when judged by South African standards. Areas 1, J], 4, 7, 8, 9, 11, 
and 12 which includes the greater part of the Grassland region of the 
Union may be classified in the first category, i.e., low values for 
phosphorus and protein; Areas 2, 5, C, 10, 17 and 18 comprising a 
part of the Tall Grass area the major ])ortion of the Short Grass 
region, and the whole of the Desert Succulents and Desert Grass 
area would fall under medium pastures, and finally the Desert Shrub 
area which has been divided into Areas 18, 14, 15 and 10 may be 
considered to be comparatively high in jdiosphoriis and protein. Such 
a division, based as it is on chemical analyses alone, does not of 
course, finally determine the economic value of the several pastural 
regions for the production of livestock. As previously stated the 
amount of food available to the animal in a given area is a factor 
of paramount importance. In this connection it is of interest to record 
that according to Pole-Evans {loc. cit) in the Desert Shrub and Desert 
Succulent regions “ the plants are always widely spaced in bare soil ’’ 
while for instance in parts of the Tall Grass area the grasses form 
‘‘ a dense (*over and a uniform sward Thus an animal on a farm 
in Namaqualand (Areas 17 or IS— inediuin V and }>rotein) may die 
from starvation whilst an animal on a farm in the Dundee district 
(Area 1—low* 1* and protein in winter) may merely suffer a temporary 
set back due to a deficiency of protein and phospborus in an otherwise 
adequate diet. 

In any case, there is no doubt that while grasses show* fair 
figures f«)r idnisphorus and protein during the period of active 
growth associated with the rainy season these values drop to extremely 
low levels after the cessation of the rains into the «M)ld w’inter months. 
On the other hand, while they are undoubtedly influenced by the 
rainfall, trees, shrubs, and other edible herbaceous plants do not only 
appear to be on the whole richer in phosphorus ami protein than the 
grasses but they retain these nutritive constituents to a great extent 
even in the absence of rain. 

Before passing on to a consideration of the other constituents 
determined it will be interesting and instructive to devote some space 
to a brief discussion of the grovrth requirements of cattle and laheep 
for phosphorus and protein in the light of the available information 
on the subject and with reference to the amounts of the said con¬ 
stituents present in South African natural pastures as shown in the 
present report. 

In order to assess the value of these pastures as sources of 
phosphorus and protein for the growing animal it is necessary to 
know, apart from the chemical data here presented, the requirement 
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of the animal for the nutrients, the amount of «lry mutter it will 
consume under grazing conditions, and the extent to which the animail 
organism is able to utilize the ingested nutrients. 

It is not necessary to review the literature bearing on the subject 
of the mineral requirements of animals as this has been ably accom¬ 
plished in a recent bulletin by Mitchell and McClure (1937). In 
connection with the calcium and phosphorus requirements of cattle 
as given in the literature the authors remark that “ the results 
summarised (above) are peculiarly incomplete and contradictory 
For instance, the phosphorus requirement for growth as a percentage 
of the ration fed ranses from O'l to 0*26 per cent, in the said 
summary of data from the literature. In the publication referred to 
Mitchell and McClure estimated the daily feed phosphorus require¬ 
ment of growing Holstein-Friesian cattle (female) at about 10 grains 
phosphorus and that for growing beef steers at about 12 grams feed 
phosphorus per day, 70 per cent, of which represents the net phos¬ 
phorus requirement of these animals. From their experiments at this 
Institute 'fheiler et al (1937) concluded that 10 grams feed phosphorus 
daily are adequate for normal growth and development in the case 
of high-grade Friesland heifers and steers. The figure for the daily 
phosphorus intake of Merino sheep, viz. 1-53 grams, on which the 
animals made excellent gains in weight in the experiments of du 
Toit and co-workers (1930, 1932) is essentially the same as that 
(1'46 grams) estimated by Mitchell and McClure {loc. cit.) as the 
feed phosphorus requirements of growing Shropshire sheep. Bu Toit 
and collaborators could not register an improvement in the perform¬ 
ance of the sheep by increasing the daily phosphorus intake to 2*92 
grams and they consequently concluded that “ it is practically certain 
that a daily intake of about 1’53 grams phosphorus is nearer the 
optimum amount of phosphorus for growing sheep than an intake of 
2-92 grams per day , 

According to the data developed in a Beport by Mitchell (1929) 
on the minimum protein requirements of cattle the daily require¬ 
ment of digestible protein by growing Hereford-Shorthorn calves is 
estimated to decrease from 0-67 lb. (304 grams) for an animal of 
200 lb. live-weight to 0-56 lb. (254 grams^ for one weighing 800 lb., 
or 604 and 508 grams feed crude protein, if the digestibility is taken 
at 50 per cent, for the 'two live-weights,^ respectively. Smuts and 
Marais (1938) studied the endogenous nitrogen metabolism of the 
Merino sheep and from their data they raloulated the maintenance 
requirement for protein. In terms of digestible protein the main¬ 
tenance requirement for a 100-lb. sheep according to these workers is 
23-0 grams which expressed as feed protein, assuming a digestion 
coefficient of 60 per cent., become 38-3 grams. For normal growth 
the animal will natureUy require an additional amount of protein. 
Unfortunately no experiments have up to now been conducted in this 
country with the object of determining the optimum protein require¬ 
ment for growth of the Merino sheep. In the experiments of du Toit 
and co-workers already referred to and which aimed at an estimation 
of the photmhorus requmments of growing sheep the daily feed 
protein intake of the animals was approximately 68 grams. Since 
those an imfil s in the experiment whose daily phosphorus kitake was 
1*53 grams were reported to have made satisfactory gains in weight 
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and to have been in excellent condition at the conclusion of the 
experiment it seems warranted to utilise the protein intake of these 
animals as a basis for assessing the capacity of South African pastures 
to fulfil the protein requirement for growth of the Merino sheep. 
Compared with, for instance, the figure of If lb. of digestible protein 
per week as the requirement for growth and fattening given by 
Wood and Woodman (1932) the figure of 68 grams feed crude protein 
per day must be looked upon as a gross underestimation of the protein 
requirement for normal growth. However, as will become evident 
presently, any figure for the growth requirement which is higher 
than the maintenance requirement will suffice to illustrate the short¬ 
comings of South African natural ])asture8 during certain seasons of 
the year. 

Very little information is available on the amount of dry matter 
different classes of stock will consume while grazing on the open 
veld. Garrigus (1934) reported figures for the dry matter consump¬ 
tion of grazing steers ranging from 10-2 to 25*8 lb. with an average 
of 16 lb. per day. Smuts (1939) applied the same method as that 
employed by Garrigus to grazing sheep and found an average daily 
dry matter consumption of 660 grams for a sheep weighing between 
60 and 70 lb. In view of this finding and in the light of the figures 
given in the literature (see Mitchell and McClure floe, citj) for the 
dry matter requirement of growing sheep it seems safe to assume that 
a 100-lb. sheep will consume 900-1,000 grams of dr>’ matter under 
grazing conditions. 

The following estimations, then, of the daily requirements of 
growing sheep and cattle for phosphorus and crude protein in terms 
of feed phosphorus and feed crude protein and the amount of dry 
matter they will consume under grazing conditions wull be used as 
criteria for judging the feeding value of South African pastures 
during different seasons of the year: — 


SpecieH. 

Live-weight. 

1 Crude 

1 Protein. 

i 

1 hoaphoniB. 

1 

Tity 

Matter 

Consumption, 

! 


n>. 

Grams. 

Grams. 1 

1 Grams. 

Cattle.. 

800 

.■KK» 

1 

100 

7,.300 

Sheep. 

100 

70 


1)00 

! 


Employing the figures given above for the dr>' matter consump¬ 
tion of grazing cattle and sheep and those describing the average 
phosphorus and crude protein contents of the natuial pastures in 
Areas 1 to 18 presented in Tables 2 and 3 figures showing the esti¬ 
mated intakes of feed phosphorus and feed crude protein of cattle and 
sheep on natural veld, for months and areas separately, have been 
calculated. The data thus obtained are given in Tables 4 and 5 for 
cattle and in Tables 6 and 7 for sheep. 
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Table 4. 

Estimated Phosphorus Intake of Cattle on Natural Veld in Grams per day. 
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Table 6. 

Estimated Crude Protein Intake of Cattle on Natural Veld in Grams Per Day. 
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Tabi^ 6. 

Estimated Phosphorus Intake of Sheep on Natural Veld in Grams Per Day, 
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Since the phosphorus and protein contents of the pastures in the 
respective areas and in the course of the year have already been dis¬ 
cussed it remains only to focus attention on a few outstanding features 
in connection with the figures giving the estimated intakes of animals 
on these pastures with reference to their requirements for growth. 

A study of the relevant data in Tables 4 and 6 reveals that during 
the whole year both cattle and sheep seldom ingest sufficient phos¬ 
phorus for maximum growth on the pastures of Areas 1, 3, 4, 7, 8, 
9, 11 and 12. During the summer months when the veld is usually 
green and succulent the deficienc.y on the required intake, especially 
in the case of cattle, is, however, small and may for this reason and 
in view of the approximate nature of the figure (10 grams phosphorus) 
representing the requirement for growth be considered as negligible. 
On the other hand during winter when the veld is dry and brown the 
intake sometimes falls to as low as only 40 per cent, of the require¬ 
ment for growth, a deficiency which cannot exist without serious 
consequences to the well-being and production of the animals. This 
sub-optimum intake of phosphorus appears to be more serious with 
sheep than with cattle in the areas mentioned. It should, however, 
be mentioned that the majority of samples from these areas were 
collected by following cattle, and since sheep can be expected to 
graze more selectively than cattle are able to do the phosphorus 
content of the samples may probably have been somewhat higher had 
sheep been followed with their collection. 

Passing on to the set of areas, viz. Nos. 2, 5, 6, 10, 17 and 18, 
classified earlier in this discussion as “ medium with regard to 
the phosphorus and protein contents of their pastures a definite 
improvement in the phosphorus nutrition of cattle and sheep on 
these pastures is indicated as judged by'the estimated intakes. Not 
only are the pastures able to ]>rovide the optimum reciuirement for 
growing cattle for about five months of the year but also during 
the dry season which corresponds with winter in most areas the 
intake is not as low as indicated for the first mentioned series of 
areas. 

A glance at the figures giving the estimated intakes of phosphorus 
on the pastures of areas, Nos. 13, 14, 15 and 16 sliows that an intake 
below the optimum requirement for growing cattle and sheep occurs 
but seldom in the course of the year. Provided sufficient food is 
available on the veld the chances of animals suffering from a phos¬ 
phorus deficiency on these pastures seem to be remote. 

In general, the remarks made in connection with the phosphorus 
nutrition of cattle and sheep on the pastures of Areas I to 18 apply 
equally well to the intake of crude protein on these pastures. Except 
for Areas 13 to 18 where the estimated intake of crude protein falls 
at the outside during three months of the year below the estimated 
requirement for growth the crude protein content of the natural 
pastures of the Union are for periods ranging from five to nine months 
of the year, depending on the locality, so low that growth is either 
seriously re^tarded or temporarily stopped. In fact, if the feed crude 
wotein maintenance requirement of sheep is taken to be 46*0 grams 
[Smuts {he. cit.) gave this requirement as 23*0 grams digestible 
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<*nidp proteinJ an inspeetion of Table 7 reveals that on some of the 
^rasslaiid iiastnres the intake of this nutrient may be for several 
months durinfr winter below the requirement for maintenance. 

The phospliorus and piotein contents of the natural pastures of 
South Africa during* suinnnu* and winter, respectively, have recently 
been presented as coloured chaits in popular fashion in an ariicle in 
Far min (j in South Africa (June, 1940). These charts are included 
in the appendix of this report as they present al a glance the oui- 
staiulinjy features iii the above discussion. 

AverajTP values for summer and winter have been calculated and 
presented in separate charts; summer ” denotes the period 
Xovemher to April—being the period of greatest food abundance'— 
and “ winter extends from May to October, or the period of fcK)d 
scarcity, generally speaking. The key to the coloured charts is 
given in the following table: — 


Hid . 

Light Kod. 

Yellow. 

Pale blue. 

Dark blue. 


Percentago 
i’hoflphoi'UH 
(P) in Pafltnre. 


Leas than 0 09 
o (m to o n 

0-11 to 014 

014 to 018 
More than 0*18 


I Percent age Protein 
in 


T^hh than 4*5 \ 

4.5^r)*0 / 

50 7*0 

7*0-~9*0 \ 

More than 9*0 J 


RoniarkH. 


Below K^quirements 
for growth. 

Limited gmwth. 

SufiieicMit for nr)rmai 
growth. 


It should again be emphasized that in judging the economic 
value of the pastures in the respective areas as dolimitated in this 
rei)ort the (|uestioii of the available feed supply should not be lost 
sight <»f. For iustau<»e, the estimated intake of crude protein on the 
pastures of the Morth-westerii Caj)e (Areas 17 and 18), a region with 
an average rainfall of only 5 inches per annum, seldom is below the 
estimated requirements for growth, but, on the other hand, it is a 
matter of common experience in this region thal animals die at 
times from sheer starvation; the amount of food available becomes 
the limiting factor. 

To conclude these remarks on the phosj)horus and protein contents 
of our natural pastures in relation to the needs for growth of animals 
reference may be made to the fact that the reciuirements for growth 
only of a 800 Ib. bovine and a 100 lb. shee]) have been chosen as the 
basis for assessing the feeding value of the pastures. Vounger 
animals may be expected to consume less dry matter than the amounts 
taken to be the caiiacity of the above-mentioned animals, so that, 
assuming the growth requirements to be the same, it will mean that 
the percentages of phosphorus and crude protein in their diet should 
be higher than in that of older animals; a circumstance which will 
result in the shortening or the total absence of a period of optimum 
growth in the case of younger stock on our natural pastures. ^ Similar 
remarks are valid in the case of pregnant or lactating animals in 

168 






PEEDING VALI E OF PASTrWKS IN SOOTH AFHK A. 


that amouuts of phosphorus aud crude protein superiuiixised in 
many cases on the requirements for H^owth have to be allowed for 
in the ration. In any case, from what has been said it is clear 
that most of the natural pastures of this country should be either 
improved or supplemented during the greater part of the year to 
ensure continuous production by animals. 

(*i) ('alcu ai and Maunksiom. 

Unlike iihosplionis and protein the averages for calcium and 
magnesium given in Tables 8 and 9 fluctuate only slightly from 
mouth to month. The> show, however, no definite tendency and 
remain in general fairly constant throughout the year. As in ilit* 
case of pho8]jhorus and protein the major difference with reference t(» 
the (*alcium and magnesium contents of the pastures of the Union 
is encountered as one passes from the all-grass to the mixed and all¬ 
bush pastures, the latter veld type being invariably richer in both 
calcium and magnesium than the first mentioned type. This circum¬ 
stance is consequently held responsible for greater month to month 
fluctuations in the percentages of calcium and magnesium in areas 
where the samples were composed of varying amounts of bushes and 
grasses. 

The cabdum figures for the grassland Areas 1 to 8 fluctuuti* 
around 0*30 per cent, and the magnesium values around 0*14 per 
<ent., except for Area 5, with a fair admixture of bushes in the 
samples analysed which shows better values for calcium than an,\ 
of the areas mentioned, values fluctuating between 0*34 and 0*40 per 
cent, from January to December, and Area 4 in which the monthl> 
averages for calcium vary between only 0*22 and 0*31 per cent, witli 
an annual average of about 0*28 per cent. Compared with data 
from the British Isles, these figures for Ca are definitely low. In 
fact they may be compared with the figures obtained for ‘‘ not eaten ” 
herbage of the Sc^ottish hill pastures (Oodden, 192(>) a statement which 
should, however, not be taken to imply that these South African 
pastures are deficient in calcium. 

Areas 9, 10 and 11 situated in the Parkland region of the 
Transvaal show higher figures for the two constituents under discus¬ 
sion in comparison with the typical grasslands of Natal and the 
Orange Free State. Average monthly values fluctuate on a higher 
plane and the annual averages for calcium in the case of the three 
areas are 0*42, 0-48 and 0*40 per cent., respectively. Magnesium 
values, also, are higher, being around 0*18, 0*21 and 0*19 on an 
average for the three areas. 

The pastures of the remaining seven Areas 12 to 18 comprisiitg 
the Desert Shrub region of the country may be considered to be ricn 
in I'alcium and magnesium, the figures beinjiT comparable to those 
for cultivated pastures overseas. Corresponduig on the whole with 
an increasing number of samples composed of bushes only (see tables 
in appendix) in the total number analysed tbe calcium and magnesium 
figures rise steadil;^ from Area 12 to Area 18. There are, of 
course, fluctuations in the average monthly values in each area but 
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Table tS. 

Mean Calcium {jCa) content "t Pmsture-s. {Kange values included.) 
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Tabi^e 9. 

Mean Magnesium {Mg) content of Pastures. {Range values included.') 
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as these appear to show no definite tendency the annual average, 
i.e. the mean of the twelve monthly averages is taken as the criterion. 
The calcium figures calculated in this manner are 0*60, 0*59, 0*63, 
0-86, 0*92, 1*00 and 1*05 for Areas 12, 13, 14, 15, 16, 17 and 18, 
respectively, while the magnesium values are 0*21, 0*25, 0*26, 0*32, 
0*31, 0*37 and 0*31 in corresponding order. The calcium content 
of the Desert Succulent and Desert Grass pastures of Xamaqualand 
(Area 18) in the west is thus seen to be about four times more 
than that of the Tall Grass pastures around Port Shepstone in the 
southern part of Natal on the East Coast of South Africa. 

Mitchell and McClure (loc. cii) estimated the feed calcium 
re(|uirenient for growth of a Holstein-Friesian heifer weighing 
800 11). at 7*1 grams and that of a growing beef steer of the same 
weight at 10*4 grams. Pasture containing a minimum of 0*14 per 
cent, cahduiii on the basis of the dry matter is, therefore, necessitated 
by the calcium re(]uii*ement for growth of a 800 lb. beef steer 
consuming Hi lb. dry matter per day. The necessary percentage of 
calcium in the feed would again be higher in the case of youngei 
animals since on the one hand the daily feed calcium recpiirement 
itself is higher and, on the other hand, younger stock may be 
expected to consume less dry matter. The feed calcium requirement 
of a pregnant HoLsteiii-Fresian cow weighing 1,000 lb. is given by 
the same authors in terms of the average for the whole gestation 
period as 11 *8 grams per day. Also, a lactating animal of the same 
weight jiroducing 2 gallons of milk per day w*ill require 19*6 grams 
feed calcium including its maintenance requirement. To ingest the 
necessary amount of (*nlcium the latter animal w'ill, therefore, have 
to consume 16 lb. of a ration containing 0*27 per cent. <alcium. 
Finally, the necessary calcium (‘oiitent of the dry ration for growing 
Shropshire sheep is estimated to vary between 0*11 and 0*17 per cent., 
depending on the age and sex of the animal. A comparison of the 
estimated recjuicements given above in terms of percentages of the 
dry ration with the average calcium values for South African 
pastures presented in Table 8 indicates that cattle or sheep 
grazing on these pastures are not likely to suffer from a calcium 
deficiency as such if milk production remains moderate. A cow 
producing more milk than the amount (2 gallons) stated will 
naturally require more calcium in its diet. The calcium content of 
some pastures (e.g. Area 4) may be considered inadequate to fulfil 
the higher demand for calcium, but, on the other hand, sin(*e the 
])roduction of milk will in any case be seriously curtailed by a 
deficiency of nutrients such as phosphorus and protein in most 
pastures calcium cannot in the first place be considered a limiting 
factor in milk production on South African natural pastures. 

According to du Toit and associates (1934) it is doubtful whether 
a deficiency of magnesium will ever occur in the diet of animals 
on pasture. These authors were able to lower the magnesium content 
of their basal ration to O’ll per cent., but the amount of magnesium 
ingested with this ration was at least five times the amount of 
magnesium secreted in two gallons of milk. Reference to Table 9 
shows that the magnesium content of South African pastures rarely 
falls below 0*10 per cent. 
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Table 10. 

Mean Potassium. (K) Content of Pastures. {Range Values included.) 
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Tabus 11. 

Mean Sodium (iVa) Content of Pastures. {Range Valne,^ included.) 
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Tabi£ 12. 

Mean Chlorine Content of Pastures. {Range Values included.) 
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(4) PoTAssTi'M, Sodium, and CnLOinNE. 

The remarks made earlier in this discussion with reference to 
the trend of the phosphorus and protein averages of pastures in the 
course of the year may with equal justification be applied to the 
monthly averages for potassium and chlorine given in Tables 10 and 
12, and to a lesser extent to the sodium figures given in Table 11. 

Commen<*ing with the averages for samples composed almost 
exclusively of grasses an inspection of the relevant tables reveals 
that potassium and chlorine reach their highest levels in the dry 
matter of the grasses in November, December or January correspond¬ 
ing with the months of highest rainfall and the period of most active 
growth. After January as the rainfall becomes less and the grasses 
tend to mature, the percentages of these constituents undergo a 
gradual decrease until the lowest levels for the year are reached 
during the dry and cold winter months—June, July and August, 
after which a. gradual increase to the peak valiiCN mentioned al)ove 
sets in. Sodium figures fluctuate somewhat irregularly from month 
to month but in general the tendency for lower values during the 
dry winter months as compared wuth the rainy season w’hen values 
are higher is nevertheless ai>parent. Maximni!i average monthly 
figures for potassium in Areas 1 to 12 vary between 1*32 and 2*31 
per cent., and for chlorine between 0*32 and ()*o9 per cent. The 
corresponding minimum averages obtaining during winter range 
from 0*29 to 0*(i3 ami 0*06 to 0*22 for jmtassiiim and chlorine, 
respectively. 

The range values given above for the highest and low^est figures 
obtained for the j)astures of Areas 1-12 serve to indicate that there 
are differences in the monthly averages of the pastures of individual 
areas in respect of potassium and chlorine. Thus the lowest average 
maximum figure for potassium occurs in the samples for December 
collected in Area 4, while Areas 3, 7 and 8 show* the lowest average 
minimum values for potassium. On the other hand the pastures in 
Areas (i, 9, 10 and 11 are on the whole somewhat richer in potassium 
than any of the other areas from No. 1 to 12. Chlorine values, again, 
are highest both in regard to average minimum and maximum values 
in the pastures of Areas 2, 5, 9 and 10, while Areas 1, 3, 7 and 8 may 
be considered to be poorest in this constituent. 

The grassland pastures are considered to be generally i)oor in 
sodium. In Areas 1, 3, 0, 7, 8 and 12 maximum values never exceed 
0*08 per cent., while in the dry w*inter months they drop on an 
average as low^ as 0*01 per cent, A slight improvement is shown 
in the average sodium figures for Areas 9, 10 and 11 in the Parklaml 
region of the Transvaal, while an apprec iable increase in the figures 
for Areas 2 and 4, bordering on the coast of Natal, and Area 5 in 
the south-eastern part of tlxe (’ape is indicated. In Area 2 the 
average monthly figure drops only once (in August) below 0*10 per 
cent., ranging for the other months between 0*12 and 0*20 per cent. 
In Areas 4 and 5 the monthly averages vary betw een 0*10 and 0*20 
per cent, and 0*14 and 0*25 per cent, respectively. 

Passing from the all-grass or predoininantly-grass pasture areas 
to the grass-bush or all-bush pastures of the Desert Shrub and Desert 
Succulent regions the percentage contents and monthly fluctuations 
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of the three eonstituent& under diseussion undergo certain changes. 
To commence with potassium, although there is a tendency for this 
element to be lower during the montns of least rainfall, it remains 
comparatively high throughout the year in the pastures of Areas 13 
to 18. In fact, except for the months June, September and October 
in Area 13 potassium figures never drop below 1*00 per cent, and 
about 70 per cent, of figures range from 1 -40 to 2 • 00 per cent. Sodium 
and chlorine figures fluctuate on the whole in a most irregular manner 
but never drop to the low levels indicated for some of the grassland 
areas. The pastures of Areas 13 and 14 do not differ much in sodium 
and chlorine content from those in Area 5. In the pastures of the 
remaining four areas, viz. Nos. 15, 16, 17 and 18 of the Desert 
Shrub and Desert Succulent regions both sodium and chlorine figures 
are on the whole exceptionally high. More than 60 per cent, of 
the average monthly sornum values range from 1*00 to 1-86 per cent., 
while only about 6*0 per cent, of the values drop below 0*60 per cent, 
sodium. Also, the great majority of chlorine figures exceed 0*70 per 
cent, and some of these rise to as high as 2*20 per cent, in the dry 
matter of the pastures. 

The grasses have been shown to be on the w*hole extremely poor 
in sodium throughout the year, while chlorine values also are some¬ 
what low, especially during the dry winter months. The higher 
values obtained for both elements in the pastures of Areas 15, 16, 17 
and 18 must therefore be ascribed to the shrubs and other herbaceous 
plants present in the samples from these areas. However, that shrubs 
or bushes are not always rich in sodium and chlorine is soon realised 
from an inspection of the tables in the appendix giving the analyses 
of individual samples from Areas 12, 13, and 14 where many “ bush 
and ‘‘ bush and grass samples were collected. 

From remarks made in the oft quoted bulletin by Mitchell and 
McClure (loc. cit) it appears that 25*0 grams of potassium daily is 
more than enough to carry calves through growth and gestation. Also, 
in the light of work done at this Institute [Theiler et al (1927), 
du Toit et al (1934)] it would seem that 32*0 grams of potassium is 
adequate for the production of 2 gallons of milk daily, although 
18*0 grams are secreted in the milk. The requirements of growing 
cattle for sodium and chlorine are considered very low, about 
1*5 grams of sodium and less than 5*0 grams of chlorine per day 
being taken to be sufficient. Finally, it was provisionally suggested 
that 14*0 grams of chlorine was sufficient to provide for the daily 
secretion of 2 gallons of milk and that this amount would also be 
enough for growth and gestation. 11*0 Grams of sodium apparently 
sufficed for the normal production of the same amount of milk per 
day. 


Assuming again an average dry matter consumption of 16 lb. 
per day it would mean that the dry matter of the ration of a cow 
prodncingr 2 gallons of milk per day should contain 0*45 per cent, 
potassium and that of a growing bovine 0-34 per cent. Reference 
to Table 10 showing the average potassium content of South African 
pastures indicates that the probability of a potassium deficiency in 
animals graaing on these pastures is indeed remote. 
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Similarly, the necessary percentages of sodium and chlorine in 
the ration of growing cattle should be 0 02 and 0*07 per cent., and 
in that of cows secreting 2 gallons of milk daily 0*15 and 0*19 per 
cent., respectively. An inspection of the relevant tables de8cril)ing 
the average percentages of sodium and chlorine in our pastures 
reveals that the requirements of growing cattle for chlorine will 
at all times be met by 10 lb. of pasturage, w’hile in some areas and 
then only for a tew months during the dry season the chlorine intake 
on veld alone will not be sufficient for the production of 2 gallons of 
milk. On the whole sufficient sodium win be inge^ted wutli 16 lb. 
of pasturage (dry matter basis) for the requirements of growing 
cattle. The sodium content of es])ecially the grassland ])astures are 
extremely low (0*01 per cent, of the dry matter) during winter, 
lower, therefore, than the necessary percentage for normal grow’th. 
But, since grow’th is in any case greatly retarded by a defic iency 
of other factors (phosphorus and protein) the deficiem‘y of sodium 
during the said period may not in itself be considered serious. On 
the other hand, if the estimated sodium requirement in terms of a 
percentage of the ration of a cow producing 2 gallons of milk daily 
is considered in relation to the sodium figures given in Table 11 a 
serious sodium deficiency is seen to occur in the pastures of the 
Grassland Areas 1, 3, 0, 7, 8 and 12 throughout the whole year and 
in those of Areas 9, 10 and 11 during winter. In all other areas 
the pastures c ontain sufficient sodium for the requirements of lactating 
animals. 


(o) Chudk Fibkk and Sonrm.K Ash. 

The ])erc*entage content and variation of the individual 
constituents of the ash of the yjasture samples from month to month 
discussed in the preceding pages should naturally be reflected in the 
figures for the total soluble ash given in Table 14. Individual 
constituents present in the greatest amount and subject to the greatest 
fluctuations wull largely determine the content and variation in the 
average values for soluble ash. That this is so is evident from a 
study of the average percentages for individual constituents and 
soluble ash given in Tables 2 and 3, Tables 8 to 12, and Table 14, 
respectively. 

Average monthly figures for crude fibre, the last of the list of 
constituents determined, are prevsented in Table 13. A glance at 
these figures does not reveal marked differences in the crude fibre 
content of the pastures in one area from another, nor in the monthly 
figures of any one area, the range of variation for all the months of 
the year and all the areas being approximately 30-0 to 38*0 per cent. 
Closer examination of the data, however, justifies reference to a few 
minor differentiating features in the crude fibre content of pastures 
in the course of the year and in the various areas. In the first place, 
though fluctuating most irregularly reaching in percentage amount 
during some months the higher limit indicated above for the pastures 
of the country as a whole, the crude fibre figures for the areas in 
the Desert Shrub and Desert Succulent regions are somewhat low*er 
than those for areas in the Grassland regiohs. Dividing the 18 areas 
into three groups, viz. Nos. 1-12 (grass), Nos. 13-16 (desert shrub), and 
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No. 17 and 18 (desert succulents and desert grass), and calculating 
monthly^ mean values for each group from the averages in Table 13 
results in annual ranges of variation of 34*6-37*3, 32*1-34*9, and 
31 *6-37 *2 per cent, crude fibre for the three groups, respectively. 
The calculated mean values given in Table 15 show the irregular 
fluctuations previously referred to. However, in the case of the 
Desert Succulent region values tend to be lower during the winter 
than during the summer months. Reference to Tables 2 and 3 reveals 
that both phosphorus and protein values, especially in Area 17, are 
higher during winter than in summer, indicating herbage at a younger 
stage of growth for the winter months, and this circumstance again 
being responsible for the lower crude fibre values as indicated above. 

The mean figui'es for crude fibre for the grass pastures of Areas 
1-12 given in Table 15 and presented graphically in Figure 6 
together with the corresponding mean protein curve to be referred 
to anon show a fairly well-defined seasonal tendency ivhich applies 
more or less to each of the individual grassland areas. The mean 
figure is highest in August and then falls gradually to a minimum 
value for the year in November and Dec‘ember. After being at a 
slightly higher levdl during January, February, and March the mean 
value drops to a second minimum in April after which it steadily 
rises to the maximum in August referred to above.. This curve 
representing the mean crude fibre content of grass pastures from 
January to December indicates in general that in winter when the 
veld, as has been shown, is poorest in the essential nutrients, phos¬ 
phorus and protein, it is at the same time more fibrous and 
consequently less palatable than in the summer when the percentage 
content of the nutrients mentioned are at their highest levels for the 
year. Furthermore, the curve obtained from,the analyses of samples 
collected by following animals is considered to be a fairly true 
reflection of the manner in which one would anticipate how the 
grazing animal would select its food from the available pasturage as 
the purely physical condition thereof changes in the course of the 
year. In August practically ail grasses are brown and dried out; 
the animal has no option and has to select its food from such pastures. 
The ingestion of pasture of a fibrous nature is inevitable. From 
September the temperature rises, rains begin to fall in light showers 
(c.f. Table 1) and a small .amount of green succulent growth becomes 
available to the animal, not, however, sufficient to fulfil its require¬ 
ments; it still has to graze on the old growth as well. The amount of 
new growth in the meantime increases with increasing rainfall until 
in November or December the animal will be grazing on green 
pasture only. A gradual decrease in the fibre content of the ingested 
food from August to December may thus be expected on natural 
pastures which have not been burnt earlier in the year. Except 
where a scientific system of pasture management is practised or 
where the pasture is overgrazed, tho grazing animal will not be able 
to prevent the fast growing grasses from reaching the seeding stam 
*of growth during the rapidly growing season of the year. While the 
pasture is still in a green and succulent state the animal will graze 
during January, February, and March freely on these flowering and 
seeding grasses which nevertheless contain a higher percentage of 
fibrous material than was the case in November and December. In 
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April the grasses begin to dry out, some becoming hard and fibrous, 
with the result that the animal is bound to be more selective in its 
choice of food than during the previous^ months; long fibrous stems 
with partially dry seedheads will be aivoided and for a short time the 
material consumed may be expected to be less fibrous than that 
ingested in say, January. However, with practically no more rain 
failing and with the onset of the cola winter months the grasses turn 
brown and become dry, so that the animal is in an ever increasing 
degree dependent on dry, mature pasturage from May to August, a 
circumstance which will naturally result in an increase in the fibre 
content of the food consumed during the said period. That the curve 
(Fig. 6) representing the changes in the fibre content of the samples 
collected in the grass areas (iVos. 1-12) conforms in general to the 
known seasonal chemical and physical changes of grasses but more 
so to the highly probable method by which the animal will seltct its 
food from the available pasturage as outlined above is taken as a 
strong indication that the sampiles collected for this mineral survey 
are representative of the food actually selected by animals under 
gracing conditions on natural veld. 

In connection with the relatively small variation in the crude 
fibre figures in the course of the year, for instance 34*6 per cent, 
for December to 37*2 per cent.for August it should be pointed out 
that whilst . . . the actual figure for crude fibre may be of a 
similar magnitude in two different herbage samples, the changes 
taking place in the structural material of plants with age will result 
in decreased digestibility of the crude fibre (Louw, 1938). In terms 
of digestibility crude fibre the seasonal fluctuations for this 
constituent in the pastures would thus be much greater than those 
indicated by the figuies in Table 15. 


(6) Interrelationship of some Constituents. 

In view of what has been said when discussing the results it may 
be expected that a fairly close correlation exists among some of the 
constitutens determined, especially in the case of samples composed 
exclusively or predominantly of grasses. The following correlation 
coefficients calculated from the average monthly figures for the 
samples from three of the eighteen areas are representative of grass 
and of desert shrub veld: — 


Correlation Coeffircients, 



Grass 

Desert Shrub, 


Area 1. 

Area 14. 

Area 16. 

P and i^rotein . 

+ •97 

+ -66 

+ •32 

P and Cl . 

+ •92 

+ •66 

-•30 

P and K . 

+ ‘97 

+ •81 

+ 12 

Protein and E . 

+ •92 

+ •76 

+ *66 

Protein and Cl . 

+ •92 

+ •86 

- -29 

£ and Cl . 

+ •98 

+ -48 

- -09 

Ea Mid Cl . 

+ •69 

170 

+ •69 

+ •88 
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These coefficients show for Area 1 (grassveld) almost perfect 
correlation tor the constituents as tabulated, with the exception of 
sodium which, however, still shows quite a significant correlation 
with chlorine. On the other hand, in Area 16 where samples com¬ 
posed of bushes predominated the only close correlation is that 
between sodium and chlorine, all other correlations l^ing^ insignifi¬ 
cant. Area 14 w'here the samples analysed may be divided into about 
equal numbers of grass samples and samples composed of bushes takes 
an intermediate position with regard to the correlation coefficients of 
the constituents. The coefficients range, in fact, from an insignificant 
(K and Cl) to a fairly close correlation (P and K). The inverse 
relationship between crude fibre and crude protein referred to in a 
previous publication (du Toit et n//1935/) has been statistically 
established by the (calculation of the (correlation coefficient of the 
mean monthly figures for these constituents in the grassveld region 
as a whole (Areas 1 to 12). These mean values are presented 
graphi(*ally in Fig. 6 and the coefficient calculated, viz. -0*77 shows 
a fairly close negative correlation. 

Since it plays under certain circumstances such an important 
role in the mineral nutrition of farm animals it will be of interest 
to devote some space to a consideration of the calcium-phosphorus 
ratio in conjunction with the percentage amount of these elements 
in the pasture samples in the course of the year and in different 
regions of the Pnion. For this purpose the eighteen areas have 
been grouped as indicated in Table 16, those somewhat similar in 
regard to the calcium and phosphorus contents of their pastures 
falling within the same group. From the average figures for calcium 
and phosphorus in Tables 2 and 8 those given in Table 16 for sets 
of areas have been calculated. 

As may be expected in view of the seasonal fluctuations of 
calcium and phosphorus previously discussed the proportion of 
calcium to phosphorus is greatest during the dry winter months in 
all grass pastures. In the first group (Areas 1 to 4, 7, and 8) the 
ratio increases from 2'19 in November to a maximum of 4*30 in 
July. Areas 6 and 6 with higher figures for both elements, show 
somewhat lower minimum and maximum calcium-phosphorus ratios 
than the first group of areas. The calcium figures for the two 
sections. Area 10 and Areas 9, 11 and 12, of the Parkland region 
are practically the same, but owing to better phosporus values in the 
pastures of Area 10 the proportion of calcium to phosphorus in this 
area varies from 2*48 to 5*38 as against a minimum of 2-84 and a 
maximum of as high as 8*72 in the pastures of Areas 9, 11 and 12. 

In spite of calcium values about twice as high as those for the 
grass areas in the first group, the ratios of this element to phosphorus 
in Areas 13 and 14^ are very similar to those in the said group of 
grass pastures, ranging from 2*25 to 4*77. Ratios in the pastures of 
Areas 15 and 16 remain high throughout the year, fluctuating from 
5*25 to 6*29, while the highest proportions of calcium to phosphorus, 
viz., 7*48 to 11*52, occur in the Desert Succulent and Desert Grass 
pastures (Areas 17 and 18) of the North-Western Cape. 
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It is doubtful whether the ratios of oalcium to phosphorus are 
sufficiently unfavourable to have any determinable effect on the 
growth of animals under (conditions of practical farming except 
perhaps during periods of acute phosphorus deficienc^y. Under such 
conditions, rectifying the phosphorus deficiency would be the first 
concern, which then automatically improves the ratio problem. 
There can be no doubt that an unfavourable ratio of calcium to 
phosjihorus, especially when the letter is present in insufiScient 
amounts, as is almost invariably the case throughout winter in 
South Africiun pastures, enhances the bad effects of the phosphorus 
deficiency considerably, but it has not been possible to show* that 
ranching cattle receiving a phosphatic supplement in accordance 
writh their needs w’ere effected significantly by increasing the calcium- 
phosphorus ratio of their intake from 3*4:1 to 10:1. This is 
fortunate, as the use of most phosphatic supplements in practice, 
such as bone-meal, precipitated (*alcium phosphate, degelatinized 
bone-flour, etc., w*ouI(1 increase the calcium intake of stock w*hich is 
usually already c.onsiderably in exc^ess of the pho8i)horus contained 
in the pasture eaten . (Calcium-free supplements, such as sodium 
Xihosphate, w’ould l>e ])referable, but their use for feeding is almost 
prohibited by their cost. It is considered, however, that taking the 
Xiastures throughout the year and the variation of their calcium- 
Xihosphorus ratios from apx>roximately normal values during the 
periods of active growth to unfavourable ratios during x^eriods of 
food sc^arcity, such as drought and w*inter, in summer rainfall areas 
when phosx)hatic supplements are usually given and incidentally 
imx)rovement of the ratio brought about, what appears to be a 
periodically unfavourable ratio, is without practical effect on 
animals entirely dependent on pasture for their food supply. At 
all events, it w^as not possible to demonstrate any effect on grow*th 
and blood phosx>horus in the case of growing cattle that were running 
on ^ud receiving a calcium ami supplement 

daily to ensure a Ca:P ratio of 10:1 of their teed for a x>eriod of 
two years. 


IV. GENERAL SUMMARY AND CONCLUSIONS. 


A final report is submitted on w’ork started in 1930 on the 
mineral content and feeding value of South African natural 
pastures. 

In the course of tw'o successive years close on five thousand 
samples of natural pasturage were collectted by following grazing 
animals on farms situated all over the Union of South Africa and 
forwarded to Oiiderstex)oort, w^here they w*ere chemically analysed. 
The object in following animals while the samples were being 
collected was to ensure that such samples w*ere as closely as possible 
representative of what the animals actually consumed on the day of 
collection. All samples were analysed for crude protein, crude 
fibre, silica-free ash, phosphorus, calcium, magnesium, potassium, 
sodium, and chlorine. 
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For the purpose of discussing the results obtained the country* 
as a whole has been divided into eighteen different areas and tables 
giving the average composition from month to month of the pastures 
in each area^^separately construc^ted. 

The following is a brief summary of the results obtained. 

(1) The chemical composition of grass pastures differs in many 

respects ^nsiderably from that of bush pastures. Especially is this 
the case in connection with the changes to which<the coinposition of 
pastures are subject with changing meteorological conditions from 
January to December. , 

( 2 ) Bush pastures are on the whole richer in all the constituents 
determined than are grass pastures. Another (Ustinguishing feature 
in the two veld types is the difference in chemicaf composition between 
winter and summer pasturage: whereas the former type shows only 
minor fluctuations in the course of the year, the difference in the 
percentage contents of certain constituents during winter and summer 
are considerable in the case of grass pastures. 

(3) Qualitative differences in the pastures of specific regions 
within any one of the two main veld types are also encountered. 

(4) Expressed as percentages of the dry matter the phosphorus 
content of grass pastures is 0*12-0*17 during summer and 0*0&-0*07 
during winter. In the pastures composed mainly of bushes this 
cH)itstituent varies between 0*11 and 0*20 per cent. Crude protein 
values of the grass pastures fall from 7 *0-9*0 per cent, in summer to 
3 *3-4*0 per cent, in winter, while the percentage of this constituent 
in those pastures composed mainly or wholly of bushes varies between 
7*0 and 10*0 in the course of the*year. 

(5) Calcium and magnesium values show only minor seasonal 
variations. Differences in the percentage contents of these constituents 
are, however, appreciable in the pastures of one region as against 
those of another. Expressed as an annual mean the variation in 
the calcium' and magnesium contents of grass pastures in different 
regions are 0*25-0*^ per cent, and 0*12-0*21 per cwit., respectively. 
Similarly, the calcium and magnesium averages for bush pastures 
are 0*60-1 *06 per cent, and 0*21-0*37 per cent., respectively, 
depending on the region. 


(6) Maximum potassium and chlorine values occurring during 
summer in the grass pastures are 1*32-2*31 per cent, and 0*32-0*59 
per cent., respectively. During winter the former constituent varies 
between 0;29 and 0*^ per cent, and the latter between 0*06 and 0*22 
per cent, in the grass pastures of different regions. Sodium average 
figures fall from a maximum of 0*08 per cent, to a minimum of 
only 0*01 per cent, in some grass pastures while in others these 
values vary between 0*10 and 0*25 per cent, in the course of the year. 


(7) Tbe peroen^e poiassiunt re^in»'^%»iiparaiiTely high 
l^inmghoat the year in moei bttah pastaii^'* Values sel^knu are helov 
1*^ per cent.,^ while most fi|rares floctoate hetweea 1*40 and 2*00 
pm cent. Sodium and chlorine averages aare excephUmally high in 
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some of the pastures composed maiiily of bushes. Thus, for the 
greater part of ihe year figures for sodium are 1-00-1'86 per cent., 
and chlorine values exceed 0*70 per cent. 

(8) Crude fibre averages are lowest in pasture at the younger 
stages of growth, the mean annual variation is tl4*6-37’2 per cent, 
for grass pastures and 32*0-35*0 per cent, for bush pastures. 

(9) Calcium-phosphorus ratios ranging from 2*00:1 to 11*00:1 
occur in the dry matter of South African pastures. 

(10) Judged l^y the estimated requirements of cattle and sheep 
for growth all South Afrh'an natural pastures, composed mainly or 
wholly of grasses are deficient in phosphorus, crude protein and, in 
certain areas, sodium for a period ranging from five to nine months 
of the year, depending on the area. There are indications that in 
certain of these regions the pasture may be deficient in phosphorus 
throughout the year. Furthermore, on the basis oi the average valuer 
for phosporus these grass pastures contain at no time of the year 
sufficient of this nutrient to provide in the requirement for an addi¬ 
tional function (e.g,, gestation or lactation) of the animal, super¬ 
imposed on growth. 

(11) Provided sufficient food is availalde an intake of phosphorus, 
crude protein or sodium below ihe optimum requirements for grow'th 
will seldom occur on pastures composed mainly of bushes. 

(12) The re([uirements of culciuin, magnesium and potassium 
for growth and moderate milk production will at all times be met* 
by the amounts of these constituents ])resent in South African 
pastures. Especially is the danger of a potassium and magnesium 
deficiency extremely remote. 

(13) The pastures of the Union are at no time deficient in 
chlorine. A cow producing two gallons oi milk may, however, not 
ingest sufficient of this constituent on the winter pastures of some 
of the grassland regions. 

Since, unlike phosphorus or calcium, the reserves of which in 
the aniinars body may tide it over a long period of inadequate intake 
without appreciably affecting its productive performance, protein 
undernourishment may immediately limit production or prevent it 
entirely, the low* level of this constituent existing for several months 
in each year in most natural pasturages must be considered the 
limiting facdor in the produ(*tivity of both cattle and sheep in this 
country. This and other deficiencies occurring simultaneously in 
the diet will result in a generally lowered metabolic rate and this 
condition again may be responsible for the circumstance that 
symptoms characteristic of an individual mineral deficiency such as 
phosphorus are not manifested under practical conditions of farming 
to the extent which a consideration of the average phosphorus content 
of our pastures, as reflected in this report, in relation to the estimated 
requirement of the animal for this constituent, w^ould lead one to 
expect. 

In conclusion it may be stated that from a study of the data 
presented in these pages it seems justified to infer that the practice 
of feeding phosphorus supplements in certain areas, advocated by this 
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Institute for almost twenty years may with great advantage to the 
cattle and sheep industries be adopted in the greater part of the 
country and for the greater part of the year. Also, it is clear that 
the extreme deficiency of protein in our grass pastures during winter 
is a problem of equal, if not greater, importance than that of phos¬ 
phorus deficiency. If the advantages which have been proved to 
result from a phosphorus supplement such as bonemeal are an indica¬ 
tion of what may be expected from rectifying other deficits in our 
natural pasture the improvement or supplementation of winter pasture 
with the object of increasing the protein intake of animals should 
greatly benefit the cattle and sheep industries of this country. 
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FtGURE F.—SHOWING PHOSPHORUS CONTENT OF NATURAL PASTURES DURING SUMMER. 
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F/GURS F.—SHOWING PHOSPHORUS CONTENT OF NATURAL PASTURES IN WINTER. 
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FIGURE 4. -SHOWING PROTEIN CONTENT OF NATURAL PASTURES IN SUMMER. 
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FIGURE 5.--SHOWING PROTEIN CONTENT OF rf, vTURAL PASTURES IN WINTER. 












Tables giving the origin, the date of collection, the chemical t omposition on a dry matter basis, and an 
approjcimate dest'riifUon of individual pasture »atuples frtJtn areas 1 to IS representing the f'^nion of South Africa. 
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Amea. 1 {continued). 


IBBOOrO mUE or rASTUSSS in sooth africa. 
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FEEDING VALDE OF PASTVHES IN SOUTH AFRICA. 
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FEEDING VALUE OF PAS rUllES IN SOUTH AFRICA 


t 

3^ 


g 

S. 

•B 


.S.£' 


•SI 




>«i 




ip 


a 




i 

fit?! 


I 

i: 
illl. 


s & 

OOl 


Jll 

JOO 


S < 


•-H eo CO 04 «o 


CO CO 00 O CO 

Q CM 1-4 CO *0 
^ CO CO CO CO 


00 oa CO «D ic 

Ol ^ 




04 go ^ lA 

CO Oi !'• 00 u5 


^ OO CO l> o 
04 0>l 04 (N ^ 


> 00 

!S22:= 


SSSSt 


ti'Sl'f 


I 


t 


illfi 


5 g a g g g 
ooo 


00 CO p-t 04 CO 


o O CO 
db CD (N 


CD lO CO f-< 

o ^ «M lA CO 


§s 


-51. 

04 04 


I— 00 CO 00 c 


^ CP « CO 

CO O ^ 04 


sa IS2 


S S S s s 

09 9> 09 09 09 

^ p-H f-^ I—( i-H 

J"i Js'ii. 


I 


•i 


9 ft 
8 

II 


i 


cb 


G -H 

.1 


I 

g »i‘i 
lllllal 

oo eo od' of 00 8 ^ 
U os ^ 03 CO (» 03 

S s g s s s s 

o o o o o o o 


lA ^ I— I 04 .-H 04 I-H 
lA ^ OI 04 04 


lA .-4 Ol 04 CO lA 
^ 04 W lA CO CO 

9m4 

g2gS2l§S 


CO 04 CO 8 ^ 

? 9 ®? gr? 


S§?5 = SS^ 


-5!l< .kP lA lA »A »A 
W CO CO CO CO CO CO 
09 09 09 09 09 09 09 


I 

& 


o 

^ I 


I 


(SJ 


200 

























1*. 3 . DC rOIT, 3 . G. LOTJW AND A. 1. MALAN. 



251 




















Arba 8 {cantinued). 


FEEDING VADDE 01' I’ASTUUES IN SOUTH AFUICA. 
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FEBDIHQ TiLtJE OF FASTOBES IN SOOTH AFBICA. 
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FEEDING VALUE OF PASTURES IN SOUTH AFRICA. 
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Iodine in the Nutrition of Sheep. 

Final Report. 

By A. 1. MALAN, P. J. DF TOlT und J. W. (IROKNBWAlJ). 
Section of Biochemistry, Onderstepoort. 


Introduction . 

Ai/rnoutai it is universally recognized that Iodine is an essential 
element in nutrition, several workers have recently hesitated to 
advocate a gfeneral supplementation of iodine in the rations of live 
stock. It may well be argued that the continued administration of 
iodine may i)rove harmful to various internal organs. Malan et al 
(19?15) drew attention to the increasing list of investigators who 
have become less entliusiastic about iodine, and some of whom have 
even sounded a warning in regard to the indis(*riminate use of 
iodine in stock licks. 

The work carried out at this Institute since 19f*i2 | Malan et al 
(1932) and Malan ct al (1935)] has not shown that the regular 
supplementation of small doses of potassium iodide proved beneficial 
to sheep. In fact, several of the ewes tbat received iodine aborted, 
or gave birth to clinically abnormal lambs. As abnormalities in 
regard to reproduction proved to be aggravated in the earlier work, 
it was concluded timt the low vitamin A content of rations might 
have exerted an undesirable influence. Tt was, therefore, decided 
that further work should be done w’ith the view' of obtaining more 
conclusive evidence relative to the regular supplementation of iodine 
to sheep. 


Dkscutption of Experiment. 

Twenty 4-tooth merino ewes were sele(*ted for this experiment. 
These were divided into tw'o conformationally uniform groups. All 
the sheep received the same basal ration, which from past experience 
has proved to be slightly above maintenance requirements for 
sheep weighing about 70 pounds, wdien kejit under similar 
conditions. The ration consisted of: 300 gms. crushed yellow' maize, 
60 gms. blood meal, 60 gms. veld hay and 50 gms. greenfeed. 
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The sheep were fed in individual pens and , managed according 
to the description given by Malan et al (1935). A stock solution 
of KI was prepared, consisting of 20 gins, of KI per 6,000 c.c. 
of water, and the sheep dosed daily as follows: — 

Group I—Controls—received 12 c.c. of water. 

Group II—received 12 c.c. of solution containing -05 
gins. KI. 

In order to equalize handling and treatment in all sheep, Group 
I was dosed daily with 12 c.c. of pure water. The period of iodine 
supplementation was a relatively short one as may be seen in Fig. 
I. Four months aftei* supplementation was commenced, the sheep 
were shorn and were then put to the rams. In view of the researches 
done by Roux (193fi), which showed that merino sheep come into 
oestrum more regularly from December to February, the rams ^\ere 
left wdth the ewes for a j'eriod of three months. 

Results. 


(a) Feed Consvmptton, 

As a rule all the feed was eaten and weighing back of any 
feed which remained unconsumed only became necessary in such 
cases as were off feed for short periods. It may, therefore, he taken 
that the full ration was consumed throughout the period. The 
greenfeed w^as included in order to ensure an adequate supply of 
vitamin A, and consisted of such material as was available at the 
time, e.g. green oats, barley or maize stalks and leaves. 

(b) Weif/hU, 

The sheep were weighed monthly and the record of the weights 
are given in Figure I. 

It will be noticed from the graph that the group which received 
KI weighed on an average 1*3 Kg. less than the control group at 
the commencement of the experiment. The difference in average 
weight between groups 1 and 2 gradually in(*rea8ed as the experiment 
progressed. «Iust before shearing all the sheep, this difference w*a8 
2*4 Kg. and the last weight recorded before the commencement of 
lambing indicates a difference of 3*0 Kg. in favour of the control 
group. A careful study of the curve shows that the widening gap 
may be attributed to a definite lag in average weight gain of the 
group that received the iodine supplement. 

A far more severe drop in w*eight is registered in the case of 
the control group shortly after lambing than occurred in group 2. 
For an explanation the lambing chart, Table I, should be consulted. 

From the data given in Table I it will be seen that seven lambs 
were born in Group I as compared with five lambs in Group 2. 
Two lambs were lost in Group I, the first on the day of birth due 
to a wrong presentation and the other two days after it had been 
born because the ewe refused to allow the lamb to drink. Five 
lambs were, therefore, reared in the control group, 
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Out of the live pregnancies in the grouj) that received potassium 
iodide, tliere were two abortions and one deformed lamb was born 
that lived for a few' hours only. In consequence only tw'o lambs 
were leared in group 2. 

In each group one ewe died early in the experiment so that 
this equalled conditirms, especially as these ewes had not b(*en 
served, ^fotwithslauding the length of the period that the rams 
were allowed to run with the ew^es, conception apparently did not 
take place in the (*ase of two ewes in (Iroiip 1 and four ewes in 
Group 2. 

When all the faciors in regard to the lambing are taken into 
consideration, it may be readily ajjpreciated wdiy the average group 
weight in Grouj) 1 dropjied below thai of Group 2 during and after 
lambing. In spite of the loss in w'eight and the larger number ot 
lambs that were being suckled in Group 1, this group showed a 
remarkable weight rocoveiy during the last month of the experiment. 

At the conclusion ot the experiment one ewe in eacdi group was 
submitied for a complete pathological examination by Dr. A. 1). 
Thomas, Pathologisl. Perhaps the most noticeable fealure in the 
report r(*ceived in regard to this examination refers to the skin 
and w ool: — 

—Contiol—^iormal. 

Shee]) that received KI. -The hair follicles api^eared 
closer together and deeper than in the control. There was 
evidence of a diffuse inflammatory process with oc^casioiial 
isolated eczematous crusts on the surface. It seemed as if 
tliere w^as greater activity of all epithelial cells: e.g. The 
sw'eat glands w'ere tliick-w’alled. 

H oo/. —(^ontrol—There was a recent break, otherwise the 
thickness was fairly uniform. 

Ill the shee]> that received HI the thickness varied 
somewhat. Eczematous crusts and mild inflammation of the 
skin was present. 

The thyroids, which were examined in both ewes and 
lambs, showed cell changes hut not the usual characteristic 
enlargements. No definite information could, therefore, be 
gained by tbe pathological examination of the thyroids. 

Discussion. 

A consideration of all tlie data ccdlected considerably 
strengthens the conedusions arrived at in past work at this Institute. 
Figure I and Table I clearly show' that the daily administration 
of 0 05 gms. of potassium iodide did not benefit significantly a 
group of ten merino sheep. Although the w’eight curve as w'ell as 
lambing chart suggest that potassium iodide supplementation had 
a detrimental effect, the results are not so marked as w'as the case 
when other deficiency factors, e.g., vitamin A or phosphorus, were 
also present as shown in the past work. There is little doubt there¬ 
fore, that iodine supplementaion is not w^arranted and thai its 
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deleterious effects are aggravated iu the presetu^e of other nutrient 
insuffitdencies. The work of Williams et al (1938) drew attention 
to the occurrence of a condition among lambs where there was 
thyroid enlargement, nervous symptoms and as found by Malan 
et al (1932) these lambs lived only for a few days. The most acute 
ileficiency in both instances probably was vitamin A. The supply 
of green succulence may not be adequate, consequently the intake 
of vitamin A would be low for pregnant ewes during the late winter 
months. During these months natural grazing may be lacking in 
quantity and in nutrients such as phosphorus and protein. Iodine 
supplementation in such circumstances will prove more harmful 
than when rations adequate in all nutrients are fed. The relatively 
short gestation period of the ewe may fall abnost entirely within 
the interval of grazing deficiency or drought. Tlie result not 
infrequently is the occurrence of a condition in lambs which appears 
to have a bearing on an iodine deficiency but which may be entirely 
unassociated with it. Goitrous conditions, as a result of an iodine 
deficiency, are however very rarely if at all seen among farm animals 
in this country. It is hoped that more liglit will be cast on this 
question when the present experimental work on poor nutritional 
conditions in relation to the iiroduction of disease has been concluded. 


Summary. 


1. Two groups of 10 merino ewes w^ere fed the same adequate 
basal ration with the exception that one group received an addition 
of 0*05 gms. each daily of potassium iodide. 

2. A slight depression of weight and greater irregularity in 
regard to the reproduction was showm by the group that received 
the iodine supplement. The detrimental effects, however, were 
not as marked as recorded in previous work w'here other deficiencies, 
especially vitamin A, undoubtedly exercised an aggravating 
influence on reproductive abnormalities. 

3. The indiscriminate use of iodine suiiplemeiits for shee]) is 
not recommended. 
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The Significance of Fluorine Traces in Natural 
Waters and a Proposed Method to 
Effect their Removal. 


By I*. K. VAN DKIl MEliWE, Seel ion of BiocheiniKtiy. 

Onderstepoorl. 


Tiik enjjemk' iiYPOPLAMA ot the ])eniiaiieiit teeth, known as chronic 
omlemic dental fluorosis, was first described l)y Kager (1901). 
McKay (1916) established this defetit of human dentition as a water 
liorne disease. 1'he causative etiological fa (dor was proved beyond 
doubt by Smitli (19;U), (Miurchill (BKil) and Vein (1981), as being 
associated wdth tin* ('oiitinual ingestion of toxic amounts of fluorine 
in the water used for cooking and drinking* j)ur})oses, during* the 
period of calcification of the affected tet^th. The permanent teeth 
in particular are alTected, although in areas of marked severity, the 
high fluorine ingestion is manifested by })eimanent damage to the 
deciduous teeth. As the enamel-forming ameloblasts cease functioning 
at the time of the eruption of a tooth, this unsightly phenomenon is a 
permanent j)hysical disfigurement. 

Since lJt81, when fluorine tracies in the natural water were 
established by the American workers as the causative factor in the 
prodiKdion of mottled enamel, fluorine toxicosis has been recognized 
in America as a public health problem. 

A (piantitative, epidemiological-chemic'.al study was carried out 
by the American Ibiblic Health Service to determine the minimum 
threshold of toxicity, in other words the maximum amount of 
fluorine permissible in a domestic water sui)ply. 

Tn the light of ju’esent knowledge, it appears that mottling of 
the permanent teeth is caused by using w’ater, containing fluorine 
in excess of one part per million, for Ijoth cooking and drinking 
purposes during the i)eriod of dental susceptibility. 

In contrast to the findings of the American workers, Sugaw’a 
(1938), ol>served a high incidence of mottled teeth amongst the 
inhabitants of the island of Sakurasima, the fluorine content of the 
water ranging from 0-7 to 1-0 p.p.in. Even at a fluorine ('oncen- 
tration of 0*3 p.p.m. this worker observed a dental fluorosis amongst 
the natives of the Kagosimnia prefecture in Japan. 
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Zelmanova (1937), examined the teeth of 4,000 children living? 
on the shore of lake Immanda in Russia. The fluorine content ()f 
the drinking water ranging from 0*02 to 0*9 p.p.m. In approxi¬ 
mately 6 per cent, of the children he observed curious nebulae, 
accompanied by calcareous spots on the teeth. In conjunction with 
this slight defect, he frequently observed (he occurrence on the 
teeth of these children of the Rristleef Tarnish, a stain due to a 
chromogenic fungus. Zelnionova states that fluorine is not tlie 
causative factor in this defect, but that it is due to a decalcification 
of the dentine, a condition observed in areas where the mineral 
content of the water is low. 

Dean (1938) observed that different individuals of even a homo- 
generous group are diversely alfeeted by the same concentration of 
fluorine in the drinking water. He states that (*ertain children 
have no mottled teeth, while others in the same family and using 
the same water are definitely affected. According to Dean this 
phenomenon is merely a normal manifestation of the o])eration of 
the law of normal biological variation. In the affected Amirilbi 
area in Texas, Dean (1938) examined 289 (hildren, all of whom 
continuously used the municipal water for both cooking and drinking 
purposes. Of the children examined the teeth of 9 were found to 
be normal, 19 questionable, 44 showed very mild, 81 niibl, !)S 
moderate, 32 moderately severe and () showed severe mottling. 
These figures are based on the classification propounded by Dean 
(^1934) for mottled enamel. It is at once evident, that this freiiuency 
distribution, represented graphically, roughly conforms to the 
characteristic inonomodal curve of variation. The highest i)er- 
centages being intermediate, with the initial and terminal ones the 
lowest. 

The distribution of this disease is almost universal, Australia 
being the only continent from which dental fluorosis has not been 
reported. The reports by the vaiious workers in the field of fluorine 
toxicosis, in America, Argentine, China, lingland, Spain, Italy, 
South Africa, etc., are to the effect, that the ingestion of fluorine 
in the drinking water in a concentration exceeding one ])ait per 
million, manifests itself on the teeth calcifying during this period. 

The characteristic features of dental fluorosis are not the same 
as those encountered in other disturbances, such as avitaminoses A 
(Wolbach, 1933), rickets (Erdheim, 1914), parathyroidectomy 
(Toyofuku, 1911), hyperthyroidism (Schour, 1934), and hypophy- 
sectomy (van Dyke, 1932), The most outstanding feature of 
fluorosis of the teeth, is the selective action of fluorine on the enamel, 
especially the primary accentuated incremental layers in the enamel. 
This selective action on the enamel is of special interest in the light 
of Erdheim’s calcio protective law, stating that some tissues are 
more protected against disturbances in calcium metabolism than 
others. Thus as a rule enamel shows disturbances less frequently 
than does dentine. 

Mottling of the teeth is chiefly characteriased by bhalky white 
patches distributed irregularly over the surface of the tooth. These 
chalky areas are as a rule well defined and may readily be differen¬ 
tiated from the rest of the tooth surface. In many instances the 
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whole tooth represents this dead white, turbid, unglazed ai)pearanee. 
As a result of' the loss of their normal iranslueeiicy the teeth glare 
unnaiurally when the mouth is open. 

In this country, especially in the rural areas of the !Xortii- 
Western Cape Province, dental fluorosis is chiefly characterized 
by marked parallel striations across the upper and lower central and 
lateral incisors, extending in many cases to the cuspids, the chalky 
areas being more or less confined to the molars and premolars, in 
llie spaces bet^veen Ihese striations the tooth surface retains its 
iiaturel tratislucpncy and porcelain finish to a great extent. vSome- 
tinies the striations are very fine and irregular and can only b(‘ 
observed as fine intersecting lamellae. By force of circumstances 
the inhabitants of these aftected areas are subjected to a more or 
less nomadic existence, which may to a certain extent account for 
the characteristic, type of mottling encountered. 

In tilt* most severe forms of dental fluorosis, there is a marked 
loss of enamel, accompanied by jironounced pitting, both confluent 
and discrete, giving the tooth surface a corroded api)earance. This 
marked influence of fluorine causes atrophy of the entire enamel 
organ, and may result in aseptic necrosis. 

In the affected countries mentioned, no actual changes are 
observed in both size and shape of the atfected teeth. The only other 
oral abnormality encountered is a tendency for tlie teeth to erupt 
somewhat later than in non-affe<‘ted areas and a tendency towards 
gingivitis, in localities where the fluorine content of the water is 
exceissively high. 

As already pointed <mt, tooth fluorosis is a defect mainly of 
the permanent teeth. Deciduous teeth are als(» s\ibjeet to tiuoriue 
damage, usually eoncomiiaiit with the ingeslioii of large amounts of 
fluorine Ihrough the medium of the drinking water. Uoholni (ItKlT) 
observed mottling in the permanent teeth of children suckled by 
mothers woi-king in cryolite factories. The deciduous teeth of these 
children are perfectly normal.. 

The fact that the temporary teeth are rarely affected, may be 
ascribed to a very rapid calcification and eruj)tioii. The calcification 
of the baby teeth is in process during early foetal life; thus, the 
enamel is })rotpcted from a fluorine interference by a nutritive sup])ly 
dialyzed through placental osmosis. 

In this country, Ockerse (19»19) encountered 22 instances of a 
pronouiujed mottling of the deciduous teeth in the affected localities 
of the North Western (\ipe Province. The fluorine content of the 
respective waters is still pending analysis. 

Mottled teeth may or may not become stained afterw’ards. The 
stain is frequently confused wdth the enamel defect itself, but is a 
secondary phenomenon. The stain w^hicli is presumably due to a 
secondary infiltration show’s considerable variations in colour, 
ranging from almost black to yellow’. As a rule the stain is not 
present in all the teeth, being more pronounced on the upper lateral 
and central incisors. The stained areas are mostly localized to the 
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labial surfaces of these teeth, and have a general tendency to foljow 
the lip-line, thus suggesting that prolonged exposures to light may 
be a factor in its development. The behaviour of the stain during 
(Milcinatioii suggests an organic nature. The stain generally deepens 
with age. 

The enamel of adult teeth is unaffected by fluorine, the com¬ 
position of the dentine, however, is liable to change and may thus 
be affected. 

In the more advanced stages of dental fluorosis, severe pitting 
and loss of enamel ma3' result in a general curious condition of the 
teeth. Isolated instances of such a condition were ohseived by 
Ockerse (1939) in this country in urban areas with a 100 per cent, 
incidence of mottled teeth amongst school children. This worker 
further reports, that the incidence of varies in the affected areas 
is exceedingly low. 

Dean (j9*hS, a^. in America and Ainswoith in England, 

pointed out that the use of domestic waters in ilself ca])alile of 
producing mottled teeth, is concomitant with a lower incidence of 
caries. 

The incidence of a pathological (*ondition of ilie teeth of certain 
domestic animals, under natural conditions, has been rejiorted from 
North Africa, Texas, and the Argentine Republic. Particularly 
those animals requiring several years for the (‘alcificaiion of their 
permanent teeth, are affected. 

Van der Merwe and Malau (1939), observed in the Keiiliardt- 
XTpington districts that the ingestion of water containing up to 
8 p.p.m. fluorine, has no visible effect on the calcification ol the 
teeth of cows, goats, sheej) and donkeys. Vein (1938). states that 
drinking water containing 7 p.p.m. fluorine as CaFa did not affect 
the teeth of animals. Steyn (1937) believes that a fluorine content 
of at least 4-6 p.p.m. in the drinking water is necessaiy to cause 
enamel defects in animals. 

It seems fairly definite, that water containing fluorine in 
quantities sufficient to cause severe mottling in humans, will not 
affect the teeth of animals. 

It has been known for a long time that the continual ingestion 
of large amounts of fluorine, adversely affects the (‘ulcium-phosphorus 
metabolism of animals. 

Bartolucci (1912), described a disease amongst cattle on n farm 
in the environment of a superphosphate fac.tory in Italv. Clinically 
this disease, which Bartolucci termed osteitis, vonforms to the 
classical osteoipRlstcia. Bartolucci associated this disease etiologi- 
cally with the fluorine containing gases emanating from the factory. 
He states, that water, from a well sunk near the canal leading off 
the factory effluents, contains fluorine, and the interesting obser¬ 
vation was further made, that the affection amongst the animals 
disappeared when the water from the town mains was used for 
drinking purposes. 
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Smith et al (1935) in America were unable to establish anv 
impairment in the Calcium-phosphorus metabolism of young girls 
severely affected by tooth fluorosis. Their findings are based on 
balance trials. These workers state that the continual ingestion 
of fluorine through the medium of the drinking water in quantities 
sufficient to produce pronounced mottling of the teeth, in no way 
disturbs the body’s ability to metabolize calcium and phosphorus. 

In Texas, Jjeinmon (1934) observed that babies in the affected 
Amirillo area show greater tendency to bowing of the legs, even in 
the face of constant anti-rachitic therapy, thus supporting the theory 
that fluorine even in very small concentrations interfere with the 
general calcium and phosphorus metabolism. 

In diametric opposition to the findings of the American workers, 
Sliortt, Mcllobert and llarnard (1937), report the incidence of 
endemic fluorosis of a unique character, in the Madras Presidency. 
They state this condition to be prevalent in areas, amongst natives, 
who have been subjected for periods of forty years or more to the 
influence of drinking w^ater, containing comparatively large 
quantities of fluorine, [n the initial stages this disease is luaiiifesled 
by mottling of the jiermanpiit and sometimes the deciduous teeth. 
The affected teeth are in no way superior to or worse than the 
teeth of children in non-att*ected areas. A])art from the dental 
defect the children drinking these respective waters do not appear 
to suffer in any way. From birth until approximately thirty years 
a dormant period is observed, during which no ill effects are being 
encountered. At about thirty years of age the first symploms of 
poisoning set in. This is manifested by a general recurrent tingling 
sensation in the limbs and sometimes in the entire body. l^iin 
and stiffness next appear, especially in the lumbar region of the 
spine. The stiffness increases until the entire spine including the 
cervical region appears to be one continuous column of bone, 
producing a condition of xioker back. Ultimately the spine loses its 
flexibility, accompanied hy stiffness of various joints. The bony 
structure of the thorax is affected to a marked degree, the ribs become 
rigidly fixed at their junction with the spine, wuth the result that 
breathing becomes entirely abdominal, in the advanced stages of 
this disease, the victims exhibit a definite cachexia, loss of appetite 
and emaciation. T^ltimately there is a loss of sphincter control and 
impotence is common. At this stage the patient is completely bed¬ 
ridden, death following, usually due to some intercurrent disease. 
Radiological findings show excessive calcification of tendons and 
ligaments, the i)resence of osteophytic outgrowths from various hones 
and almost complete synostosis of various joints. The biochemical 
estimation of senim calcium, phosphorus and phosphatase indicates a 
favourable condition for abnormal deposition of bone. 

The clinical and radiological findings bear a close analogy to 
the observations of Flemming—Moller and Gudjonnson (1932), who 
encountered a marked osteosclerosis in w^orkers in a cryolite factory 
in Denmark. 

This report by Shortt, McRobert and Barnard is of great interest 
as it is the only one encountered in the literature, describing the 
devastating effect of water borne solute fluorides. 
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The nutritionaiil aspect relevant to the above mentioned incidence 
of fluorosis, should, however, be considered. It has repeatedly been 
demonstrated that nutritional factors play an important part in the 
manifestation of symptoms of fluorine intoxication. Schlick (1911) 
reported that frogs receiving toxic doses of NaF may be protected by 
means of CaCl 2 . Hauck, Steenbock and Parsons (1933), showed that 
the toxic effects of fluorine administration was less on a high calcium 
ration than on a low calcium ration. Elmslie (1936) pointed out that 
the addition of CaCOj to the ration of the rat, increased the level of 
toxicity of fluorine. Schulz (1938) found that the addition of cod liver 
oil to the diet of the rat, subjected to fluorine ingestion, tends to 
ameliorate the toxic effects of the fluorine. On the other hand, 
Phillips, English and Harts (1935), found that the toxicity of NaF 
to chicks, fed orally or injected intraperitoneally in water solution 
was much increased when desiccated thyroid was fed. They observed 
that non-toxic doses of thyroid became toxic when NaF was fed, and 
non-toxic doses of NaF became toxic when fed in conjunction with 
desiccated thyroid. 

Chanelles (1928), found that when iodides are fed in conjunction 
with fluorides, the resultant fluorosis is much accentuated. This 
apparent relationship l)etween fluorine and thyroxin in ihe animal 
body may be a factor governing chronic fluorosis. 

A dental and mandible disease known as Darmous, occurs 
amongst herbivora in the phosphate zones of North Africa. This 
disease is a chronic fluorine intoxication affecting the general calcium- 
phosphorus metabolism. The form of Darmous occurring in man must 
oe regarded as the most severe type of< dental fluorosis, and is accom¬ 
panied by pronounced developmental anomalies.' The teeth may be 
delayed in eruption, and a marked dystrophy of the permanent teeth 
is observed, resulting in definite changes in the actual size and shape 
of the teeth. In both man and ^nimal the terminal stages of this 
disease are accompanied by difiSculties in mastication and increased 
sensitivity towards cold water. Inflammation of the gingiva often 
develops. Strictly speaking, however, Darmous is not a water borne 
disease. Roholm (1937) observed that the soluble fluorine fraction 
in the water of the endemic areas is comparatively low. (laud and 
Charnot (1934) pointed out that the main factors involved in the 
produ(;tion of Darmous is the drinking of water contaminated with 
phosphate suspensions, and chiefly the ingestion of Vegetation covered 
with phosphate dust. 

A dental and bone disease, termed Gaddur, is endemic in Iceland. 
Accounts of this strange disease are encountered in Icelandic 
literature dating back to the year 1,000 A.n. The natives found that 
domestic animals turned sick and died following eruptions of the 
volcanoes Hekla, Katla and Askja. The symptoms disappeared when 
the animals were^ taken indoors and fed hay reaped before the 
eruption. This disease which has played a great r61e in Iceland's 
economy, is encountered up to a period of twelve years following 
volcanic eruptions. The chief factor in the production of Gaddur is 
the ingestion of pasture contaminated by v<dcanie ash, intoxication 
through the medium of the drinking water being of secondary 
importance. 
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The true channels of the fluorine attack on the teeth are still 
rather obscure. It is a well known fact that dental fluorosis is 
accompanied by an increase in the fluorine content of the affected 
teeth. Whether the fluorine is deposited as the molecular CaF^ or 
whether substitution of fluorine for the carbonate, chloride or 
hydroxyl radicles takes place in the isomorphous intermixtures of the 
various apatites (‘om prising the bony matrix, is si ill a matter of 
conjecture. 

Smith (1933) pointed out that in the teeth of rats fed NaF in 
the ration, the percentag’e of Ca, and the ratio of Ca to P as obtained 
by chemical analysis are remarkably similar to the calculated formula 
of the theoretical collophane, 3 Ca 3 (P 04 ) 2 . 2 CaX. 

llofi^ers (1922) describes fossil bones, known for a lon^f time to be 
high in fluorine content, as collophane, to which he assigns the 
following formula 3Ca3(Pn4)2.(1.2)(^a(F2(503S040).XH20. 

lieynolds and Corrigan (1938), by means of X-ray diffraction 
studies, observed that the teeth of rats fed fluorine were heterogeneous, 
being mixtures of normal apatite like materials and CaF^. The teeth 
are not uniformly orientated along the fibre axis, accompanied by an 
enlargement of the apatite crystals. 

Bergara (1929), Chanelles (1929) and Pavlovic (1932), expressed 
the belief that the alterations observed in the teeth must be ascribed 
to endocrine factors. According to these workers, the fluorine acts 
directly on the parathyroid glands, and thus secondarily produces 
changes in the teeth. They base their claims on the fact that 
apparently similar changes are noted in the rat ineivsor in cases of 
fluorine feeding and parathyroidectomy. 

This theory was, however, discredited by Hauck, Steenbock and 
Parsons (1933). Sutro (1935) found that parathyroid extract 
administered up to 700 units per day over a period of 2-3 months 
neither retarded nor prevented the appearance of stri|)ed enamel. 

Schour (1934) pointed out that the amount of fluorine sufficient 
to cause dental changes is very small compared to the total ionized 
calcium content of the blood. It is, therefore, not likely that the calcio- 
prive effect of the fluorine would be sufficiently great to disturb the 
calcium-phosphorus metabdlism appreciably. Ac(»ording to Schour's 
postulate, the fluorine has a very prompt and direct influence on the 
Wmation and calcification of enamel and dentine, particularly the 
enamel forming cells. 

Fluorides and silico fluorides exhibit an amazing reactivity 
towards certain enzymatic processes, in some instances causing an 
almost complete inhibition and in others a pronounced stimulation. 
Ewig (1929) has shown that in isolated tissue both anaerobic and 
aerobic glycdlysis is greatly inhibited by NaF. Fluorine has an 
inhibitory effect on the lactic acid synthesis occuring during muscle 
metabolism. On the other hand Doby (1914), found that the amylase 
of the potato w^as powerfully stimulated by NaF. 
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According to Smith (1935), fluorine does not exert its character¬ 
istic damage through its effect on the enzymatic phosphatase reaction 
concerned in tooth and bone formation. An increase in plasma phos- 
phatase cannot be considered a criterion in fluorine toxicosis, as 
suggested by Phillips (193!;^) • 

The first report on the histology of this disease is that of Black 
(1916), who noted that the identifjnng characteristic was the absence 
of the interprismatic cementing substance between the enamel rods. 
Williams (1923), confirmed the observations of Black, but states that 
the enamel rods themselves are imperfectly calcified. He also 
observed the presence of imperfectly fused granules and some 
spherical globular masses which are identical with the calciospherites 
encountered in completely calcified forming enamel. 

Beust (1925), called attention to the fact, that in addition to the 
enamel the dentine is likewise affected, a condition which he termed 
mottled dentine. Ainsworth (1933,a), confirmed the fiindings of 
Beust by reporting the occurrence of imperfectly calcified dentine 
with interglobular spaces such as may be encountered in ordinary 
cases of hypoplasia. Ainsworth (193»i,a) noted that the pitting of 
the enamel surface mav readily be explained as a breaking off of the 
ends of the enamel rocls, weakened by the loss of the interprismatic 
substances. 

Erausquin (1934), reports that the permeability of mottled 
enamel may be compared to that of immature, unerupted, normal 
enamel. The permeable zone characterizing mottled enamel is always 
the most external, its intensity diminishes from the outside inwards. 

Fluorine Compounds in Naturel Waters and their Origin. 

The actual chemical nature of fluorine compounds present in 
drinking water is of some interest t© the chemist, but apparently of no 
great practical significance. 

. In acute fluorine toxicosis studies in animals, various workers 
have observed that the attainment of gross symptoms of intoxication 
is definitely associated with the chemical nature of the fluorine com¬ 
pound used. Thus is was established that twenty times as much 
CaPa is needed to produce the same degree of severity of the symp¬ 
toms caused by NaF, with NH^F and NaaSiF^ be’ing of the same 
order of toxicity as JTaF during the same period. 

Kemf and NeliSon (1936), observed that CaSiP«' and CuFj caused 
mottling of the rat incisor, whereas the ingestion of AIF, did not 

S reduce this defect. Similarly in the field of the organic fluorides, 
uoro naphthalene produced mottling, the ingestion of p-p di-fluoro- 
biphenyl-p-fluoro-benzoic acid on the other hand has no effect of 
calcifying enamel. 

In the light of present knowledge it appears that in dealing with 
the ingestion of small quantities of fluorine over extended permds of 
time,^ the actual chemical combination of the .fluorine compound pre¬ 
sent is of secondary importance, whereas the physical state in which 
the fluorine, is ingested is the primary factor governing the develop¬ 
ment of defective enamd. 
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Marcovitch (19^18), established a marked difiPerence in the 
accumulative effect of fluorine in rats subjected to a sodium fluoride 
intake equivalent to 4 p.p.m* of fluorine in the drinking water in 
one group and inctorporated to the same fluorine equivalence as 
cryolite in the diet in a second group. 

Bowes and Murray (1938), consider the fluorine contained in 
food supplies to be less dangerous than the fluorine derived from water 
origin. 

Dean (1938, fc), states that there is definite evidence implicating 
CaFj in solution as the sole factor in the production of mottled enamel 
in America. In America, however, fluorine concentrations in excess of 
25 p.p.m. in the drinking water have been reported, a figure which 
cannot be explained when the solubility product of CaFa is taken 
into consideration. Assuming the postulate of Dean to be correct, then 
the high fluorine figures reported by the American workers must be 
considered a reflecjtion of the pronounced disposition of fluorine com- 
})ounds towards the formation of complexes. 

In certain parts of Northern Africa, the natural waters (‘ontain 
fluorine due to percolation through oi stagnation in the phosphate 
deposits, the fluorine in all probability passing into solution as CaFj. 

In Iceland, the different volcano environs are subjec ted to fluor¬ 
ine contamination, with the result that both fluorides and silico 
fluorides may be exjiected in the natural waters. 

Fluorine compounds are of comparatively common oc currcuice in 
the outer layers of the earth’s crust, especially as minor constituents 
of eruptive rocks and in conjunction with the universal distribution of 
naturcu phosphate deposits. 

In a computation of the average chemical -composition of 
eruptive rocks, Clarke and Washington (1924), place fluorine in the 
twenty-second position in the order of the ranking of the elements. 
According to these workers, fluorine constitutes 0’03 por cent, of 
eruptive rocks. Amongst the numerous rock forming minerals con¬ 
taining fluorine the most common are, lepidolite zinnwaldite, two 
lithium micas containing up to T per cent, fluorine, fluorspar, tourma¬ 
line, fluo-apatite, topaz and cryolite. 

If the igne<ms rocks are in an unaltered and preserved condition, 
leaching and consequently fluorine contamination of the ground 
water cannot take place. If the rocks are, however, highly weathered 
and disintegrated as is the case with the old Archean Zwasiland 
granites of the North Western Cape, ground water may be brought 
into intimate contact with fluorine bearing strata. 

In contact zones surrounding great masses of eruptive rock, it 
is observed that migration of some of the constituents of the magma 
into the country rock takes place. In studies of contact meta- 
morphism, fluorine was found to be one of the elements subjected to 
transference. Especially limestone contacts are ready recipients of 
fluorine due to the binding powers of the former. In the metamorphi(* 
limestone of Monte Somma in Italy, the following fluorine bearing 
minerals were found, apatite, chondrodite, clino-humite, cuspidine, 
fluorspar, humite, vesuvianite, tourmaline, koppite and topaz. 

343 



FLUORINE IN NATURAL WATERS. 

Phosphorite and phosphatic limestone are two naturally occur* 
ring amorphous phospnates found in gigantic deposits in various parts 
of the world. The fluorine content ranging from 2-4 per cent. AV ater 
percolating through beds of phosphorite apparently exhibits no 
marked leaching properties as far as fluorides are concerned. Boholm 
(1937), pointed out that the fluorine figure of waters from the phos¬ 
phate zones of North Africa ranges from 0*02-1 0 p.p.m. Of great 
importance however is the fluorine content of the suspended material 
in the water. That Darmous is not primarily proauced by solute 
fluorides in the drinking water may be deducted from a report by 
Gaud, Charmot and Langlais (1934), to the effect that Darmous does 
not occur in areas where the fluorine content of the soil is less than 
200 p.p.m. 

Dean (1935) observed mottled enamel amongst cattle in Texas, 
where large phosphorite deposits are encountered. 

That phosphorite may be instrumental in raising the fluorine 
content of ground water to a dangerous level, w*a 8 demonstrated by 
Phillips and Hart (1934), who found a fluorine content of 1*7 p.p.m. 
in water draining from lands on which rock phosphate w’as used as 
fertilizer. Strangely enough, superphosphate, according to these 
workers, does not cause any significant increase in the fluorine content 
of drainage waters. 

Thus far, no dental fluorosis has been reported from areas in 
South Africa where wavelite is found in vast deposits. 

In areas of volcanic activity, the fluorine compounds present in 
the gas emanations may find their way into the natural waters of the 
volcanic environs. The presence of both HF and SiF^ have repeatedly 
been demonstrated in volcanic exhalations, while the gas deposited 
incrustations about volcanic vents and fumaroles, contain up to 85 
per cent. NH 4 F. 

In one locality in America, Mastodon bones from the Cenozoic 
era were suspected of contaminating the ground water with, fluorine. 

If the wide distribution of fluorine compounds in nature is 
taken into consideration it is only natural to assume the presence 
of traces of this element, in many waters. 

The formation of mottled enamel can readily be prevented, but 
there is no known cure once defective enamel sets in. The stain, 
due to its organic nature can temporarily be bleached by various 
oxidising agents, but the nebulae on the teeth and the general enamel 
defect is of a permanent nature. 

Prior to the establishment of the etiological factor in this disease, 
prevention has been accomplished in America by simply^ changing 
the water supplies of the cities of Oakley (Idaho) and Bauxite (Ark.). 
A change of water supply is not always practical, but at the same 
time it is well to bear in mind that the onl^ portion of the population 
in need of protection, is children from birth to eight jrears of age, 
and women,during pregnancy—^the latter precaution being necessary 
only in localities where the fluorine content of the water is excessively 
high. 
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The logical approach to the solution of this problem is to adopt 
a method of treating the affected waters by chemical or physical 
means to effect the removal of the toxic fluorides. 

This problem has received the attention of the numerous workers 
and encouraging results have in many instances been attained. 
Various chemical compounds were investigated in regard to their 
mode of action towards solute fluorides. In the literature, the follow¬ 
ing attempts to defluorinize natural waters are mentioned. Al 2 (S 04)3 
(Boruff, 1934), Defluorite (Hess and Swopp, 1937), activated carbon 
(McKee and Johnson, 1934), activated alumina (Lindsay, 1936), 
activated MgO (Elvove, 1937) were used in filters. 

The majority of these methods are costly and reliable results are 
not always obtained. 

A more rational approach to the problem is to adopt as principle 
tht‘ great affinity exhibited by fluorine towards the tertiary phos¬ 
phate complex. As far back as 1805, Mori(*hini demonstrated this 
principle by reiiorting the very high fluorine content of a fossil 
elephant tooth found outside Home, a phenomenon caused by the 
continual infiltration of fluorine from ground water origin. Margaiet 
Smith (1938), working along these lines, advocates a method adopt¬ 
ing a specially prepared bone jiroduct as a medium through which 
the fluorine contaminated water nuiy be filtered. For limited supplies 
of water, hnv in total salt content, this method proved excellent in 
the hands of the author. The acdive principle is rapidly inactivated, 
and a ccmstant (*he(‘k on the fluorine content of the filter effluent, 
is imperative, to ensure a safe water. On account of the fact that 
the active principle is poisoned in a comparatively short period of 
time, a continual regeneration of the bone product is necessary. 

Adler, Klein and Idndsay (1938) found a tri-calcium phosphate 
used in conjunction with a filter bed, satisfactory for the removal 
of fluorine from water. Their product is essentially a mixture of 
hydroxy apatite and tri-calcium phosphate, and is prepared from 
high purity phosphoric* acid and milk of lime. Mclntire and Ham¬ 
mond (1938), stressed the possibility of exploiting baking powders 
and superphosiihates as the calcium phosphate sourcre to effect the 
removal of fluorides. 


Proi»osed Method of Hemoval of Fluorides from 
Natural Waters. 

In the determination of the titratable acidity of aqueous solutions 
of superphosphate, it was observed by the author that the soluble 
fluorine fraction suffers a reduction, presumably due to either a 
precipitation with the phosphate complex as an apatite or as a 
result of adsorption. The method advocated here to effect the 
removal of fluorine from water is based on this principle, Avhich 
(monies into operation when superphosphate in a modified form, is 
incorporated in the affected water and a tertiary phosphate is subse¬ 
quently precipitated in the aqueous medium by the addition of a 
basic hydroxiae. 
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The products adopted in this investigation are the ordinary com*^ 
mercial superphosphates, comprising the 17, 19, 20 and 40 per cent, 
water soluble PaOs varieties. 

The water soluble selenium, boron and arsenic content of these 
products were found to be entirely negligible. Selenium and boron 
are both present in the mother rock from which the superphosphates 
are manufactured. The fate of these elements during the manu¬ 
facturing process is still uncertain. Apparently they are partially 
expelled as their respective fluorides since these elements are only 
present in minute traces in the final product. 

Superphosphate production by means of pyritic and lead 
chamber, volcanic sulphur-sulphuric acid, results in an arsenic con¬ 
taining final product. The use of sulphuric acid prepared from 
secondary sulphur in the contact process safeguards the superphos¬ 
phates from an arsenic infiltration. 

A sample of each respective superphosphate was ground to an 
impalpable powder to ensure a homogeneous product being obtained. 

As a preliminary investigation the behaviour of the sulphate and 
fluorine compounds present in superphospates was studied under 
the conditions prevailing in the proposed method. 

Aqueoiis solutions (using distilled water) were prepared of double 
superpnosphate (40 per cent, water soluble P 3 O 5 ). The concentra¬ 
tions used are shown in Table I. Solid Ca( 0 H )3 was added to these 
solutions in quantities just sufficient to develop the maximum colour 
of added phenolphthalein. 


Table I, 


Solution No. 

Super¬ 

phosphate 

Gr.p.lit. 

Ca (OH)/ 
Gr.p.lit. 

Initial 

F. 

p.p.m. 

! 

Residual 

F. 

p.p.m. 

Initial 

SO4 

p.p.m. 

Hesidual 

SO4 

p.p.ia. 

A. 

10 

403 

34*3 

0*76 

410 

88 

B. 

10 

403 

34'3 

0*28 

410 

51 

C. 

2 

0*81 

12'8 

0'34 

113 

30 


Solutions A and C were allowed to stand for a period of 24 
hours with occasional agitation. 

Solution B was boiled for a period of 10 minutes and the precipi¬ 
tate allowed to settle. 

From the table it is evident that both the solute fluoride and 
sulphate from superphosphate origin suffer a marked reduction. The 
results obtained for the 17, 19 and 20 per cent, varieties of super¬ 
phosphate are less favourable. The results obtained for 17 per cent, 
superphosphate are tabulated in Table II. Analogous results being 
obtained in the case of the other two phosphates. 
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Table 11. 


Solution No. 

Super¬ 

phosphate 

Gr.p.lit. 

Ctt (OH'>, 
Gr.p.lit. 

Initial 

F. 

p.p.m. 

Residual 

F. 

p.p.m. 

Initial 

SO 4 

p.p.m. 

Residual 

SO4 

p.p.m. 

A. 

10 

3-9 

24*7 

0*82 

1,284 

860 

B. 

10 

3-8 

24-7 

0-56 

1,284 

8.34 

0 . 

i 

2 

0-77 

10*3 

0-93 

711 

1 419 

1 


Solutions A and C were allow(‘d to stand for a period of 24 hours 
with occasional shakinjjf. 

Solution 11 was boiled for a period of 20 minutes and the pre- 
<*ipitate allowed to settle. 

It is observed from tlu* table that the rcisidual sulphate is unduly 
hiph, accompanied by an unsatisfactory reduction of the fluorine in 
solution. 

It has been shown by the author, that in aqueous solutions, the 
s(dubility of the fluorine and sulphate compounds present in super¬ 
phosphate, suffers a marked reduction, at hij»h concentrations. By 
adopting this principle, a comparison was effected with the results 
obtained in Tables 1 and 11, adoptint? the following* procedure. 

A highly (‘oncentrated solution of superphoshate was prepared, 
containing* 70-5 grams PjO;, and 391 mgs. per litre. Volumes of 
this solution yielding the same gross P 2 ^^.s content per litre as in 
solutions A and B (Table I), were added to litre quantities of distilled 
water and the same procedure carried out as in the case of solutions 
A and B, Table I. The results obtained by means of this concentrate 
are tabulated in Table III. 


Table III. 


1 

Concen- 

Ca (OH), 
Gr.p.lit. 

Initial 

Residual 

Initial 

Residual 

Solution No. | 

trate 

F. 

F. 

SO 4 

SO 4 


c.c. p.lit. 

p.p.m. 

p.p.m. 

p.p.m. 

p.p.m. 

A. 

56 

4*81 

21*9 

0*19 

213 

Trace. 

B. 

56 

4*81 

21*9 

0*02 

213 

Trace. 


Solution A was allowed to stand for a period of 24 hours with 
occasional agitation. 

Solution B was boiled for a period of 20 minutes and the pre¬ 
cipitate allowed to settle. 
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From Table III it is observed that as a result of the treatment 
the solute sulphate and fluoride derived from the concentrate suffer 
an almost complete removal. 

Even more marked in comparison are the results obtained hy 
Using a concentrated solution of 17 per cent, phosphate, as indicated 
by the results in Table IV. 

The solution adopted contained 62*5 grams P 3 O 5 and 417 
milligrams Fj per litre. This solution is again added to litre quan¬ 
tities of distilled water, yielding equivalent P^Oa concentrations to 
solutions A and B (Table II). 

Tabi^ IV. 


Solution No. 

Conoen> 
irate 
c.c. p.lit. 

Ca (OH), 
Or.p.]it. 

Initial 

P. 

p.p.m. 

Residual 

P. 

p.p.m. 

Initial 

SO 4 

p.p.m. 

Residual 

SO 4 

p.p.m. 

A. 

26 

»-4 

10-84 

0-46 

15S 

Trace. 

B . 

26 

3-4 

10-84 

().15 

155 

Trace. 


Solution A was allowed to stand for a period of 24 hours with 
occasional agitation. 

Solution B was boiled for 20 minutes and the' precipitate allowed 
to settle. 

A comparison of the results obtained in Tables II and IV reveals 
that a phenomenal redxiction in 'the sulphate content of aqueous 
solutions of 17 per cent, superphosphate (Table IV), can be achieved 
by. simple concentration. This finding proved of immense value in 
the project of this Institute to ameliorate the ill effects of aphos- 
phoTOsis in this country by means of superphosphate as a water 
soluble phosphate. 

A comparison of Tables III and IV shows that the two concen¬ 
trated solutions have the same potential defluorinizing powers, both 
yielding a treated water containing a trace of sulphate. 

The ability of both solid superphosphates and the concentrates 
to effect the removal of extraneous fluorine was investigated by 
treating along various lines a water containing 10 p.p.m. Fj as NaF. 

Solid double superphosphate was added in varying quantities to 
litre volumes of distilled water containing 10 p.p.m. F as NaF. The 
flasks were vigorously agitated to ensure maximal solution of the 
phosphate. Calcium hydroxide was added until the maximum colour 
of added phenolphthalein developed. 

, Solutions A, B and C were precipitated in the cold and then 
bailed for 20 minutes. 
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Table V. 


Solution No. 

Initial 

F. in 
Solution 
p.p.m. 

Super- 

phoshpate. 

Gr.p.lit. 

i 

Ca(OH), 

Gr.p.lit. 

Residual 

F . 
p.p.m. 

Residual 

SO 4 

p.p.m. 

A. 

10 

0-5 

0*5 

0-95 

Trace. 

B. 

10 

1-0 

10 

0-60 

16 

C. 

10 

2-0 

1-85 

0-45 

27 

D. 

10 

2*0 

1-85 

0*20 

19 


Solution D was precipitated at boilinp: point and subsequently 
boiled for 20 minutes. 

In the case of solutions C and J) the fluorine is removed satis¬ 
factorily, the residual sulphate bein^ of no significance. 

The same procedure as adopted in Table V was carried out using 
17 per cent, superphosphate. The results are tabulated in Table VI. 

Table VI. 


Solution No. 

1 

Initial 

F. in 
Solution, 
p.p.m. i 

i 

SujK 3 r- 

phosphate. 

Gr.p.lit. 

Ca(OH )4 

Gr.p.lit. 

Residual 

F. 

p.p.m. 

Residual 

S()4 

p.p.m. 

A. 

10 

0*5 

0-15 

5-5 

192 

B. 

10 

1-0 

0-3 

3-1 

374 

€. 

10 

1-5 

0-45 

2-4 

485 

D. 

10 

20 

0-6 

1-8 

536 


Although a definite reduction in NaF concentration is achieved 
(Table VI), accompanied by a preclusion of the passing into solution 
of the fluorine contained in the superphosphate, the gross fluorine 
reduction is incomplete. Treatment by means of solid 19 and 20 per 
cent.^ superphos{>hate8 also resulted in incomplete removal of added 
fluorine and a high residual sulphate content of the treated water. 

To effect a comparison with the results obtained in Tables V and 
VI the behaviour of^ the concentrates towards a water containing 10 
p.p.m. F was investigated. 

Water containing 10 p.p.m. added fluorine as NaF was saturated 
with Ca(OH)a, filtered, and treated by means of double superphos¬ 
phate concentrate as elucidated in Table VII. 
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Table VII. 


Solution 

No. 

Initial 

F.in 

Solution. 

p.p,m. 

Concen¬ 
trate 
c.c. p.lit. 

Added 

F. 

p.p.m. 

State of Neutralization. 

Residual 

F. 

p.p.m. 

Residual 

SO* 

p.p.ni» 

A. 

10 

10-9 

4*26 

Half Neutralization... 

0*35 

Trace. 

B. 

10 

21-8 

8*52 

Total Neutralization.. 

0*55 

Trace, 

c. 

10 

21*8 

8*56 

Total Neutralization.. 

0*15 

Trace. 

D. 

10 

10*9 

4*26 

Hidf Neutralization... 

0*70 

Trace. 

E. 

10 1 

10*9 

4*26 

Half Neutralization... 

0*25 

Trace. 

F. 

10 

10*9 

4*26 

Half Neutralization... 

0*04 

Trace, 


Solution A.—Half neutralization and occasional thorough 
agitation through a period of 24 hours. 

Solution B.—Total neutralization and subjected to the treatment 
of A. 

Solution C.—Total neutralization and boiled for 15 minutes. 

Solution D.—Half neutralized and a rapid airstream i)as8ed 
through for 30 minutes. 

Solution E.—Half neutralized and boiled for 5 minutes. 

Solution F.—Brought to boiling point» slowly half neutralized, 
boiling continued for 5 minutes. 

Solutions A, B and D, precipitated in the cold, yielded precipi¬ 
tates of a gell structure. These precipitates settled very gradually, 
whereas the boiled suspensions settled readily. 

The large volume of concentrate required to neutralize the 
Ca( 0 H )3 solution of approximately 0-2 per cent, resulted in the 
formation of voluminous precipitates. In order to reduce the volume 
of concentrate, the process of precipitation was reversed, with the 
following results (Table VIII), 

The solutions (Table VIII) were subjected to the following 
treatment: — 

A. —The concentrate is added to the fluorine*containing water 

(10 p.p.m.) and thoroughly agitated to effect mixing. 

The Ca(0H)2 added and the suspension boiled for 15 

minutes. 

B. —The treatment of A. 

C. —Concentrate added, shaken, followed by precipitation at 

boiling point, boiling continued for 15 minutes. 

I).—Concentrate added, shaken, Ca(OH )2 added and allowed to 

stand for 24 hours with occasional agitation. 

E. —Concentrate added, shaken, Ca(OH)a added and boiled 

for 20 minutes. 

F, —Concentrate added and mixture brought to boiling poinl, 

Ca(OH)a added, boiling continued for 10 minutes. 
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G. —Concentrate added, shaken, Ca(0H)3 added and boiled for 

10 minutes. 

H. —Concentrate added, shaken, thoroughly agitated for 30 

seconds and precipitate allowed to settle. 

I. —Concentrate added, shaken, Ca(OII )3 added and allowed to 

stand for 24 hours with occasional shaking. 

J. —Concentrate added, shaken, mixture brought to boiling 

point, Ca(OH )2 added, boiling continued for a subse¬ 
quent 10 minutes. 

K. —Treatment of IJ for a period of 72 hours. 


Table VIII. 


Solution No. 

Initial 

F. in 
Solution. 

Concen¬ 
trate, 
o.c. p.lit. 

Added F. 
p.p.m. 

Ca (OH), 
Gr.p.Kt. 

Residual i Residual 
F. SO. 

p.p.m. p.p.m. 

A. 

10 

1-25 

0*48 

013 

1 1*9 

Trace. 

H. 

10 

2*5 

0*97 

0*28 i 

1 1*1 

Trace. 

('. 

10 

2-5 

0*97 

0-28 1 

0*74 

Trace. 

J). 

10 

5-0 

1*94 

0‘50 i 

0*60 

Trace. 

E. 

10 

50 

1-94 

0*50 

0-22 

Trace. 

F. 

10 

6*25 

2*44 1 

0-65 1 

0*05 1 

Trace. 

G. 

l(» 

6*25 

2*44 

0-65 

0*12 ! 

Trace. 

H. 

10 

100 

.3*91 

0*98 

1*4 1 

Trace. 

1. i 

I 

100 

3*91 

0-98 

0*10 1 

Trace. 

J. 1 

1 10 

12-5 

4*88 

1-29 1 

0*04 1 

Trace. 

K. 1 

1 

1 10 

12-5 

4-88 

1-29 

' 

0*02 1 

Trace. 


The 17 per cent, concentrate proved to be equally elVective as a 
defluorizing agent, when the different procedures outlined above are 
adopted. 

The double superphosphate concentrate was evaiiorated to 
dryness, and the resultant greyish-brown was pulverized and mixed 
with the correct equivalent of Ca(OH) 3 . The incorporation of this 
product in boiling waters resulted in a very satisfactory removal of 
extraneous fluorine as elucidated by the results in Table TX. 

Table IX. 


Solution No. 

Initial 

F. in 
Solution 
p.p.m. 

Evapo¬ 

rated 

CJoncen- 

trate 

Gr.p.lit. 

Ca (0H)j 
Gr.p.lit. 

Residual 

F. 

p.p.m. 

1 

Residual 

SO 4 

p.p.m. 


10 

0*25 

0*3 

1*6 

Trace. 

B. 

10 1 

0*76 

0*9 ' 

0*5 

Trace. 

C. 

10 

1*0 ! 

1*2 

0*35 

Trace. 

D. 

10 

2*0 

2*4 

0*08 

Trace. 

E. 

10 

2*5 

3*0 

0*05 

Trace. 
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FLUORINE IN NATURAL WATERS. 


Finally, the suitability of the concentrate method to reduce 
fluorides from waters very high in total salt content, was investigated. 
The water in question is one presently adopted in a study of salt 
water tolerance in sheep, conducted by the Section of Toxicology. 

To a litre volume of the water, 5 c.c. of the double superphos¬ 
phate concentrate was added, resulting in the formation of a slight 
opacity in the aqueous medium, presumably due to the precipitation 
of phosphates. Ca( 0 H )3 in slight excess was added, the mixture 
thoroughly shaken and boiled for 10 minutes. The results in Table 
X bear mute testimony as to the improved nature of the treated water. 

Table X. 


Initial Fixed Residue. 
p.p.m. 

Initial 

SO 4 

p.p.m. 

Initial 

F. 

p.p.m. 

Residual 

Fixed 

Residue. 

ppm. 

Residual 

F, 

p.p.m. 

Residual 

SO 4 

p.p.m. 

16406. 

1939 

6 

13070 

0 45 

1678 


It is observed that the reduction in sulphate content (Table X) 
amounts to 261 p.p.m., being approximately equivalent to the 
sulphate present in the water as MgS 04 . I'hls Is in line with the 
finding that the concentrate method of fluorine removal, reduces to a 
marked degree the sulphates of metals forming insoluble secondary 
and tertiary phosphates. The sulphates of the alkali metals hardly 
suffer any reduction. 

In an attempt to exploit a possibly cheaper source of calcium 
phosphate than that of superphosphate origin, the naturally 
occurring wavelite was consider^. This amorphous phosphate of 
iron and aluminium occurs in vast deposits in the Saldanha Bay 
environs. 

By treating a fluorine containing water with a small quantity 
of this phosphate ground to an impalpable powder, a colloidal 
suspension is formed which defies filtering. It has been found 
possible to break this suspensoid and obtain a treated w’ater contain¬ 
ing less than 1 p.p.m. fluorine. Studies in this connection are being 
continued. 


Methods or Analysis. 

The treated waters were analysed for their phosphate, sulphate, 
and fluorine contents. The residual Ca in solution was not taken 
into consideration as this factor can readily be controlled. 

Phosphate was determined colorimetrically by the Fiske and 
Subbarow method. In all cases except one the treated water 
contained less than 1 p.p.m. phosphate as P. 

Sulphate was determined gravimetrically and residual concenr 
trations of less than 10 p.p.m. are designated by trace 
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In this investigation it was found necesasry to have a rapid and 
accurate method for the determination of the fluorine content of the 
treated waters. 

Various colorimetric methods, based on the specific bleaching 
reaction of the fluoride ion towards the Zirconium lake of certain 
aiithraquinone dyes, are encountered in the literature. The methods 
of Sanchis (1934) and Elvove (1933) seemed the most promising. 
According to Scott (1937), 0*1 mgr. fluorine in 100 c.c. is about the 
limiting amount for a good colour distinction when using the Sanchis 
modificatiou of the Zirconium alizarin bleach. Apparently this 
1 p.p.m. F in vrater is the limiting concentration to effect a good 
colour distinction adopting the method of Sanchis. 

Treate<I waters contain less than 1 p.p.m. F. Thus the problem 
of determining residual fluorine is confined to the determination 
0-50 mi<*rogranis of fluorine, adopting 50 c.c. volumes of treated 
water. By modifying the methods of Elvove and Sanchis the author 
was able to obtain a decided bleach for 2 micrograms per 50 c.c. 
being equivalent to 0 04 p.p.m. By interpolation adopting a series 
of standards differing from each other by 5 micrograms of fluorine, 
the fluorine value of the treated water can be ascertained to the 
nearest 0*05 p.p.m. 

The question as to whether or not fluorine can be completely 
removed from water, calls for a micro analytcial ])rocedure. The 
mi<*ro titrimetric procedure propounded by Armstrong (193(5), 
together with its numerous modifications did not prove itself entirely 
satisfactory in the determination of fluorine traces, chiefly due to 
the difficulty encountered in recognizing the indefinite endpoint. 

A micro procedure developed in this laboratory for the determina¬ 
tion of fluorine in (juantities less than 20 micrograms, was applied 
in the present investigation in the case of treated waters low in 
residual fluorine. The findings in all cases were well in line with 
the results obtained by the modification of the Sanchis and Elvove 
bleaching methods.* 


Summary. 

1 . Methods are described whereby the concentration of solute 
fluorides in water can be reduced to a safe level for human consump¬ 
tion, at a very low cost. 

2 . The active defluorinizing agent is derived from commercial 
superphosphate. The sulphate and fluorine compounds present in 
sui)er[)hosphates are ])recluded from passing into solution. 

3. By adopting the concentrate method of fluorine removal, it is 
estimated that 1 Kilogram of double superphosphate can remove 
from 9 to 10 grams of fluorine from solution. The figure obtained 
by Klein, Adler and Lindsay (1938), for tri-calcium phosphate in 
filter beds, amounts to 1-8 grams of fluorine per Kilogram 
tricalcium phosphate, for ten consecutive cycles. 

* These methods are modifications of the original method of de Boer and 

Basart (1926). 

363 


FLUORINE IN NATURAL WATERS. 


4 . The reaction between the defluorinizing agent and the fluorine 
in solution is apparently accelerated by heat. Suspensions boiled for 
5 to 10 minutes leave a lower residual fluorine content than cold 
agitations over a 24 hour period. That the process of defluoriniza- 
tion is however a time reaction, culminating in a quantitative 
adsorption or precipitation of solute fluorides is proved by the fact 
that prolonged cold agitations result in an almost complete removal 
of the fluorine in solution. 

5. The process of fluorine removal is concomitant with an 
improvement in the general nature of the water subjected to treat¬ 
ment. A reduction in total solids including a reduction in the 
concentration of metals forming insoluble secondary and tertiary 
phosphates, is encountered. 

6 . The chemical combination in which the fluorine compound is 
present in the water is of no importance as far as its removal is 
concerned, NaF, CaF^ and silicofluorides being reduced with equal 
ease. 


7. Insignificant traces of selenium, boron and arsenic were 
found in the concentrates, adopted in this investigation. 

8 . The possibility of utilizing the naturally occurring wavelite 
as defluorinizing agent, is indicated. 
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A Procedure for the Micro Determination 

of Fluorine. 


By P. K. VAN DEIl MEKWE, Section of Biochemistry, 

Onderstepoort. 


The selective action of the fluoride ion towards the zirconium 
lake of certain anlhraquinotie dyes was established by de Iloer and 
Jlasart (1926). 

THs princi])le was adopted in a method of fluorine determination 
by Willard and Winter (19»‘h‘l), which marked a prreat forward step 
in the analysis of fluorine containing? materials. 

This method has recently been siibjt^cied to numerous modifica¬ 
tions of which the micro titrimetric procedure of Armstrong (1936) 
has universally been adopted. Armstrong** advocates the use of soditim 
alizarin alone as indicator, instead of the zirconium alizarin lake, 
and the alcoholic medium of titration as advocated by Willard and 
Winter (1933), was ])assed over in favour of titration in aqueous 
solutions. 

In a recent study on the merits and demerits of the Armstrong 
modification, McClure (1939) showed that the titration is less sensitive 
than reported by Armstron}?, mainly due to the distressing? features 
of an api)reciable blank titration accompanied by an indefinite and 
uncertain endpoint. The findings of Mct^lure were also exjjerienced 
in this laboratory. 

Ualile, Uonnar and Wichmanu (1938), in an excellent study, 
pointed out that much of the trouble encountered in the titration of 
small quantities of fluorine can be eliminated by ado])tinj»* a “ back- 
titration ” ])rocedure. 

The proposed method of Dahle et ah though based on sound 
principles, did not prove itself entirely satisfactory in the hands^ of 
the author due to the gradual change of colour in the zero tube during 
back titration, until a colour-match with ihe inci])ient pink of the 
sample tube is attained. 

The procedure advocated in this study is essentially a modifica¬ 
tion of the back titration method of Dahle et al (1938), an addi¬ 
tional indicator being introduced with advantage and actual titration 
being done away with, thus avoiding the necessity of a correction in 
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final volumes before a colour match can be effected. The immediate 
advantage being that all determinations are executed under absolutely 
uniform conditions, the final matching being done with fixed colours. 

The method advocated in this study is not concerned with the 
determination of fluorine quantities in excess of 0*1 milligram. 


METHOD. 

Volatilization of the Fluorine. 

To effect the volatilization of the fluorine from the sample sub¬ 
jected to analyses, an all glass steam distillation unit was adopted, 
consisting essentially of a 50 ml. round bottomed flask fitted with 
a Claissen adaptor. The thermometer and capillary reaching to 
within 3 mm. of the bottom of the flask, pass through ihe straight 
arm of the Claissen head, the side arm of the latter being fitted with 
a condenser-adaptor unit. The adaptor reaches well down into the 
receiving flask. 

The sample, containing not more than 0*1 mg. fluorine, is intro¬ 
duced into the distillation flask, about 0*05 grm. silica and three glass 
beads are added. The apparatus is assembled and through the capil¬ 
lary is introduced a mixture of 5 ml. 60 per cent. Perchloric acid 
and 10 ml. doubly distilled water. 

The distillation flask is rested on a metal plate with a hole drilled 
in the centre so as to lit the flask perfectly, the liquid-glass junction 
not being exposed to the naked flame. 

The charge in the distillation flask is brought to its initial 
bailing point and boiling continued until a temperature of 130® C. 
is reached. The steam distillation unit is now brought into operation, 
and by occasionally adjusting the flame the temperature is readily 
controlled at a constant 130® C. Any fluctuations in the temperature 
should be avoided. Any trouble encountered with bumping before 
the distillation temperature of 130® C. is reached, may readily be 
avoided by passing a slow stream of nitrogen through the unit. 

Distillation is continued until 200 ml. of distillate has collected. 
In the case of ashed samples rich in phosphate (pyrophosphate), it is 
imperative that a double perchloric acid distillation be executed to 
avoid the interference brought about by the presence of the phosphate 
ion in the distillate. The danger attached to the perchloric acid 
volatilization of fluorine from ashed samples still containing traces 
of organic material may be overcome by adopting sulphuric acid 
(6 ml. HaS 04 S.G. 1*84,4-10 ml. water) at 140® C. in the first 
distillation and subsequently redistilling the evaporated alkaline dis* 
tillate by means of perchloric acid as described. 

If the total chlorine content of the sample is in excess of 15 
mg., solid silver sulphate is added to the charge in an approximate 
equivalence to the cluorine concentration, and the distillation carried 
out as described. If the chlorine containing sample, on combustion, 
yields a relatively large volume of ash, the addition of silver sulphate 
may cause the charge to be unduly restive during distillation. 
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Under these circumstances it is advisable to eliminate chlorides by 
the addition of solid silver sulphate to the evaporated alkaline distil¬ 
late and execute a second distillation 

Reagents, 

Indicator, —0*01 per cent, sodium alizarin sulphonate (Alizarin Red 
S) in a saturated aqueous solution of 1, 2, 5, 8 Tetra-oxy- 
anthraquinone (Alizarin Bordeaux). 

S tan dn rd F Ivor id e So I u tion, 

(a) 1 ml.^ 0*(]0025 mg. of fluorine. 

(h) 1 ml.= 0.0005 mg. of fluorine. 

These solutions are obtained by dilution from a stock 
(containing 1*00 gram of fiuorine as sodium fluoride per litre. 

Thorhim Nitrate Solution, 

Dissolve ±0 1 gram of Th(N 03 ) 4-121120 litre of water. 
Sodium H}jdro,ride Standard. Solution, 

0 01 K Solution. 

Hydrochloric Acid Standard- Solution, 

0*05 X Solution, standardized against the sodium hydroxide 
solution, using sodium alizarin sul])hoiiate as indicator. 

Appakatus. 

Standard Nessler tubes of 50 ml, capacity. The tubes should 
be illuminated from the bottom by a uniformly white surface 
receiving its light from the blue sky. 

Ru<)(*EDUHE of DeTEUMIxVATION. 

(1) The total acidity of a 40 ml. aliquot of the distillate j» 
established (titration with 0*01 X XaOH against sodium alizarin 
sulphonate as indicator). 

(2) To a sei*ond 40 ml. aliquot of the distillate is added 1 ml. 
of indicator and 0*05 N hydrochlorh* acid in quantiy such as to 
make the total acidity of the sample equivalent to 2 ml. 0*05 N acid. 

(3) The thorium solution is now run into (2) with continual 
agitation. The colour change is from light greenish-yellow to 
incipient lilac jiink. The titration (from a burette graduated in 
0-02 ml. is stopped when a decidedly permanent pink colour is 
obtained. The colour intensity (pink) is regulated according to 
what the operator considers a suitable colour for matching. 

(4) To establish the approximate magnitude of the fluorine in 
the unknown, three standard tubes are prepared containing 
respectively 5, 10 and 15 mierograms of fluorine per 40 ml. volumes. 
1 ml. indicator is added to each and exactly 2 ml. 0*05 N hydro¬ 
chloric acid (the standard tubes made up by doubly distilled water 
are neutral as indicated by a very faint orange-pink colour of the 
indicator). Into each tube is now run exactly the same volume of 
thorium solution as used in (3). 
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By a colour match the approximate fluorine content of the 
unknown is established to the nearest 2-6 micrograms. Supposing 
it to be approximately 7*5 micrograms, then 10 tubes differing from 
each other by 0*25 micrograms of fluorine and covering the possible 
range of the fluorine content of the sample, are prepared. Again, 
the standard tubes are subjected to the same treatment as the 
unknown i.e. add 1 ml. of indicator, the colour after mixing should 
be a faint orange-pink (neutral). Exactly 2 ml. 0-05 N hydrocloric 
acid is introduced and again thoroughly mixed, followed by the 
introduction of the same volume of thorium solution as necessitates 
the production of a definitely pink colour in the unknown. Standard 
tubes and the unknown are thus compared at equal volumes, constant 
pH and identical concentration. 

By interpolation the fluorine content of the sample tube may 
thus be ascertained to the nearest 0*13 micrograms of fluorine. 


Proceduhk of UeteuMination on the Total Distillate. 

The taking of aliquot samples of the distillate has its distinct 
advantages, such as avoiding the necessity of evaporation and 
consequently the introduction of the alkali ion. Furthermore a 
higher total acidity of the distillate is permissible. The errors caused 
in micro determination of fluorine as a result of the introduction 
of the sodium ion and the subsequent evaporation of the alkaline 
distillate in glass, will be discussed elsewhere in this paper. 

In cases where the total fluorine content of the sample pending 
analysis is less than 20 micrograms, it is naturally advisable to 
execute the determination on the total distillate. 

The volatilization of the fluorine, is carried out ns described, 
in all cases effecting a quantitative removal of chlorides, the total 
acidity of the distillate being kept as low as possible. 

The free acid in the distillate is neutralized by means of 0-01 
N sodium hydroxide against a minimum of phenolphthalein as 
indicator. During evaporation the pink of the phenolphthalein must 
be kept decidedly visible. The total volume of sodium hydroxide 
added should not be in excess of 6*0 ml. 0 01 N. Evaporation is 
to be executed in platinum, the exaporation unit being suitably 
shielded against air contamination. If platinum is not available, 
porcelain should be preferred. The distillate is evaporated to a 
volume of approximately 20 ml. and transferred to a Nessler tube, 
keeping the volume at about 30 ml. Hydrochloric acid 0*05 N is 
added dropwise until the pink of the phenolphthalein is just expelled. 
One c.c. indicator is added and again 0’05 N hydrochloric acid 
dropwise until the last faint pink almost changes to yellow. The 
volume is made up to 41 ml. and exactly 2 ml. 0*06 hydrochloric 
acid introduced. To approximately 30 ml. volumes of the standard 
in the Nessler tubes are added the exact volumes of 0 -01 N sodium 
hydroxide and phenolphthalein used in the neutralixation of the 
distillate. The pink of the phenolphthalein is just destroyed by the 
dropwise addition of 0*05 N hydrochloric acid, 1 ml. of the indicator 

862 



P. K. VAN DER MERWE. 


is added and the pink colour almost destroyed, the volume is made 
up to 41 ml. followed by the addition of exactly 2 ml. 0*05 N 
hydrochloric acid. 

The standards and the sample have been subjected to the same 
treatment and the determination is carried out as described. 

(.HoicE OF Indicator and Indicator Hequirkmknts. 

Armstrong (1936) modified the Willard and Winter (1933) 
procedure by employing sodium alizarin sulphonate alone as indicator 
to effect the titration of minute quantities of fluorine in aqueous 
medium. The author observed that by the introduction of a trace 
of 1, 2, 5, 8 tetraoxyanthraquinone together with sodium alizarin 
sulphonate, the sensitivitv of the indicator changes produced by 
fluorine traces, is enhanced. 

Alizarin Bordeaux is practically insoluble in doubly distilled, 
COj free water. A saturated solution (aqueous) is prepared by 
agitating a suspension of Alizarin Bordeaux in doublv distilled water 
for several days, care being subsequently executed to eliminate the 
last traces of suspensoid by filtration. 

It has long been recognized that the amount of indicator used 
in the tiirimetric determination of fluorine has a marked influence 
on the results obtained. 

The method of adding the indicator in a specified number of 
drops , as advocated by Armstrong (1936), Willard and Winter 
(1933), etc., has been passed over in favour of adding the indicator 
in exact measured quantities (Dahle et al 1938). 

The effect of varying amounts of indicator on the colour change 
produced by the addition of thorium solution, in the absence of 
fluorine and secondly the sensitivity of the coloured lake towards 
traces of added fluoiine, was invesigated (Table I). 

Table I. 

77/c Sifpnficauve of Indicator ('onceiitration, 


Tube 

No. 


Indicator 
Concentration. 
Per cent. 


1 

1-25 X 10“*. 

2 

2-50 X 10-*. 

3 

3-75 X 10-*. 

4 

5 00X 10-*. 

5 

6*25 X 10-*. 

6 

7-60 X 10~*. 

7 

8-76 X 10-*. 

8 

l OOX KH. 

9 

1I3X 10-*. 

0 

1-26 X 10-». 


Thorium Solution. 


First Pink, 
ml. 

Definite Pink., 
ml. I 

0*40 

0-50 

0*42 

0*65 

0*62 

0*62 

0*64 

0*82 

0*73 

0*92 

0*86 

1*04 

0*90 

1*12 

0*92 

1*23 

0*98 

1*28 

M2 

1*40 


Colour. 


Pale Pink. 

Lilac Pink. 

Lilac Pink. 

Incipient brownish 
pink 

Brownish tint, 
masking the sen¬ 
sitivity of the 
bleach. 


! Sensitivity 
I to 0*25 
I Micrograms 
i Fluorine. 


Fairly Sharp. 
Sharp. 

Sharp. 

Fairly Sharp. 


vPoor. 
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THE MICRO DETERMINATION OF FLUORINE. 


In the absence of fluorine, the volume of^ thorium solution 
necessary to produce the pink lake is markedly increased concomi¬ 
tant wi^ an increase in indicator concentration (Table I). 

An indicator concentration in excess of 3-75 xlO“* per cent, is 
accompanied by the formation of a brownish tint in the lake, masking 
the sensitivity of the indicator bleach towards the fluoride ion. On the 
other hand, the final colour in tube No. I is very pale for a good 
colour match. The optimum indicator concentration appears to be 
somewhere between (2*50 - 3*75) x 10“^ per cent. The author found 
an indicator concentration of 2*60x10“^ per cent., i.e., 1*0 ml. of a 
0*01 per cent, solution, excellent when narrow bore Nessler tubes are 
employed in the final colour match. FeHenberg (1937) in his titri- 
metric procedure, adopts an identical indicator concentration, viz 
0*06 ml. of 0*05 per cent, soilution per 10 ml. volumes. This is also 
the indicator concentration adopted by liable et al (1938) in their 
Back Titration ” proc^edure. In the procedure of Hoskins and 
Ferris (1936) an indicator concentration of 4 x 10*"® per cent, is 
advocated. 


The Effect of Indicator Concentration on the Titer of the 
Thorium Nitrate Solution. 

The effect on the titer of the thorium solution as a result of 
varying the indicator concentration, was established, adopting the 
following procedure. Pairs of tubes at identical volumes, indicaior 
concentration and pH, were taken. The first tube belongs to a zeto 
(blank) series and the second to a fluorine series containing 10, 15 and 
20 micrograms of fluorine respectively. The indicator concentration 
is varied between pairs of paired tubes (Table II), keeping volumes 
(43 ml.), fluorine content (10, 15, 20Y) and pH (2*74) a constant. 
The thorium solution is run into the^ fluoride tubes until the first 
appearance of a definite pink. The zero tube is then titrated to the 
same colour. The difference in the burette readings gives the thorium 
nitrate equivalence per 10, 15 and 20 micrograms of fluorine, as 
elucidated in Table ll. 

At a constant fluorine concentration, a decided increase is 
observed (Table ip, in the titer of the thorium solution, expressed as 
micrograms fluorine per ml., with a corresponding, increase in 
indicator concentration. 

At a constant indicator concentration, an increase in the fluorine 
concentration from 10 to 20 micrograms per 40 ml. is accompanied 
by a correspondingly sllight increase in the titer of the thorium solu¬ 
tion (Table II). 

^ The importance of executing determinations at a constant 
indicator concentration, is emphasized by the results contained in 
Table II. 

The Significance or the fH in the Determination. 

It has long been reco^ized that in the titration of the fluoride 
ion by means of thorium nitrate, the pH of the titration medium has 
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a significant bearing on the utlimate results. It is onl^ recently how¬ 
ever tha 1 ; the importance has been stressed of exercising a definite 
control of the i)H during titration. 

Table II. 

The Effect of Indicator Concentration on the Titer of the Thorium 

Solution, 


Tube 

No. 

Indicator 

Concentration. 

Per cent. 

Fluorine 

added 

Micrograms. 

Thorium 

F. Tubes, 
ml. 

Solution. 

Blanks. 

ml. 

Titer 

Micrograms. 
p. ml. 

1 

1-25 X 10”*. 

10 

2-29 



la 

1-25 X 10-^. 

0 

— 

0-42 

5-30 

2 

2-50 X 10-*. 

10 

2-30 

— 

— 

2a 

2-50 X 10-<. 

0 

— 

0-58 

5-80 

:i 

3-75 X I0-*. 

10 

2*28 

— 

_ 

3a 

3-75 X 10-*. 

0 

— 

0*69 

6*30 

4 

r> oox io-«. 

10 

2-16 

— 

— 

4a 

5 00 X 10-*. 

0 

— 

0*75 

710 

5 

6 -26 X 10”*. 

10 

2-20 


— 

5a 

6-25 X 10-*. 

0 

— 

0-I)2 

7*80 

1 

1-25X 10-^. 

15 

302 

— 

_ 

la 

1-25 X 10-^. 

0 

— 

0*42 

5*80 

2 

2-50 X 10-*. 

15 

300 

— 

— 

2a 

2-50 X 10”*. 

0 

— 

0*54 

6*10 

3 

3-75 X 10”*. 

15 

3 00 

— 

— 

3a 

3*75 X 10”*. 

0 

— 

0-70 

6*50 

4 

5*00 X 10“*. 

15 

2-74 ; 

— 

— 

4h 

5 OOX 10-*. 

0 

1 

0-84 

7*90 

5 

6-26 X 10-*. 

15 

2-74 ! 

— 

— 

oa 

6 -25 X 10”*. 

0 

— 1 

0-92 

8*20 

1 

1-25X 10-*. 

20 

3-88 

[ _ 

— 

la 

1-26 X 10-*. 

0 

— 

0-42 

5*80 

2 

2*50 X 10”*. 

20 

3'70 1 

___ 

_ 

2a 

2-50 X 10-*. 

0 


0-56 

6*00 

3 

3.75 X 10-«. 

20 

3*70 

— 

— 

3a 

3-75 X 10-«. 

0 

! — j 

0-71 

6*70 

4 

r)00x 10-^. 

20 

3*31 1 

— 

— 

4a 

6-00 X iO-* . 

0 

— 1 

0-78 

7*90 

5 

6-26 X J0-‘. 

20 1 

3-30 1 

— 

— 

5a 

6-26 X 10-*. 

0 1 

1 

1 

0-95 

8*50 


Rowley and Churchill (1937) state that in the titration of fluorine 
quantities ranging from 0*5 to 10 mg. a pH range of 2-9 to 31 
appears to be an optimum. These authors further state that in the 
titration of minute quantities of fluorine the titer is extremely sensi¬ 
tive towards any change in pH, the optimum being unknown. 

In the literature no attention is directed to the actual difference 
in the titration of fluorides and silico-fluorides, by means of thorium 
nitrate. 

1. Th(N 03)4 + 4NaF==ThF,+4NaN03. 

2 . 8 Th(NO ,)4 + 2HaSiFe+4H,0 - 3ThF4 + I 2 HNO 3 + 2SiOa. 
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THE MICBO DETEBMINATION OF FLUOEINE. 


In practice a thorium nitrate solution is standardized according^ 
to equation 1 and this standardized solution is subsequently used 
to establish the fluorine content of the distillate according to equation 
2. It is at once evident that equations 1 and 2 represent two entirely 
different reactions. 

According to the postulate of Willard and Winter (1933) the 
fluorine compound lading its way into the distillate^^ is hydro* 
fluosilicic acid. During the subsequent titration nitric acid is formed 
at the expense of the disappearance of hydrofluosilicic acid from the 
solution (Equation 2 ). 

In the determination of 20 micrograms of fluorine, 0*007 ml. 
0*06 N HaSiPs disappears concomitant with the formation of 
0*021 ml. 0*05 N HNO 3 . Thus in the determination of 20 micro¬ 
grams of fluorine the acidity gain in the sample tube is equivalent 
to 0*014 ml. 0 * 0 t 5 N acid, whereas the acidity of the standard tubes 
remains constant (cf. E<iuation 1). The choice of a suitable pH 
for the determination is thus confined to a range where 0*014 ml. 
0*06 acid has no effect on the pH. Dahle el al (1938) consider pH 3 
as the upper limit and pH 2*5 as the lower limit “ with a pH 2*75 
as good a practical choice as any for the determination of 50 
micrograms of fluorine. 

Bearing in mind the fact that acid is liberated during titration, 
the lower limit of Dahle would be preferable, as the change in pH 
produced by added acid is much less at pH 2*5 than that produced 
by the same amount of acid at pH 3*0. At a pIT of 2*5, i.e,, 
approximately 3 ml. 0*05 N HCl per 40 ml. a redu(*tion in the 
sensitivity of the bleach is observed. In this study the choice of 
Dahle et al (1938), i.e., a pH of 2*75 was adopted, and the divergence 
produced by a change of pH above and below 2*75 was investigated 
in the case of added quantities of fluorine ranging from one to ten 
micrograms. ' 

The standard tubes were kept constant at a pH 2*74, final 
volumes before thorium addition being 43 ml. 

In a second series of tubes, with a respective fluorine content of 
1, 5 and 10 micrograms of fluorine, a pH range of 2 to 3 was effected 
by the addition of 0*05 N HCl as elucidated in Table III. Final 
volumes before thorium addition are controlled at 43 ml. 

The phenomenal effect produced by pH variation in the range 2 
to 3 (Table III) emphasizes the importance of exercising a definite 
control on the pH of the standard and the unknown. 

It is observed from Table III that the percentage error is 
decreased with a corresponding increase in the fluorine content from 
1 to 10 micrograms. Dahle et al (1938) state that an increase in the 
fluorine content from 2 to 50 micrograms is accompanied by an 
increase in error, caused by variations in pH. 

At the pH (2*74), adopts^ in this study, the formation of 
0*014 ml. 0*05 N acid during titration, has no effect on the pH and 
the recovery of added fluorine. Thus, apparently, in micro work, the 
use of sodium.fluoride in conjuction with the determination of silico* 
fluorides, introduces no errors, whereas in macro work this phase of 
the determination needs careful attention. 
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Table III. 

The Effect of pH on the Recovery of Added Fluorine, 


Tube 

No, 

0 06 N. HCl 
Test Tubes, 
ml. 

pH.* 

AddfKl F 
Micrograms. 

0 05N. HCl 
Standards, 
ml. 

pH.* 

1 

F Found 
Micrograms. 

F Error 
Micrograms. 

la 

0-8 


1 

2 


0*0 

1*0 

lb 

0-8 

3 09 

5 

2 

2*74 

20 

3*0 

Ic 

0-8 

— 

10 

2 

— 

5-2 

4*8 

2a 

10 

_ 

1 

2 

— 

00 

1*0 

2b 

10 

303 

5 

2 

2*74 

2*4 

2*6 

2o 

10 

— 

10 

2 

— 

5*5 

4*5 

8a 

1*2 

— 

1 

2 

— 

0*2 

0*8 

3b 

1-2 

2*94 

5 

2 

2-74 

2-9 

2*1 

3c 

1-2 

— 

10 

2 

— 

6*8 

3*2 

4a 

1-4 

— 

1 

2 

— 

0*3 

0*7 

4b 

1-4 

2-89 

5 

2 

2-74 

3*5 

1*5 

4o 

1-4 


10 

2 

— 

7*2 

2-8 

rm 

1-6 


1 

2 

— 

0-5 

0*5 

r)b 

1-6 

2*83 

a 

2 

2-74 

4-4 

0*6 

Tx* 

1-6 

— 

10 

2 

— 

9*1 

0*9 

6a 

1*8 

— 

1 

2 

— 

0*8 

0*2 

6b 

1-8 i 

2-79 ! 

5 

2 

2-74 

4*8 

I 0-2 

6c i 

1-8 

— 1 

10 

2 

— 

9*7 

0*3 

7a 1 

20 I 

I _ 1 

1 ! 

2 

— 

1*0 

0*0 

7b 

20 1 

2-74 

5 

2 

2-74 

2*0 

0*0 

7c 

20 ; 

1 

10 

2 

— 

10*0 

0*0 

8a 

2*2 


1 

2 

— 

1*0 

0*0 

8b 

2*2 

2-70 

5 

2 

2-74 

4-8 

0-2 

8c 

2-2 1 

—- 

10 

2 

— 

10*2 

0*2 

»a 

2-4 

— 

1 

2 


1*2 

0*2 

«b 

I 2-4 1 

2-66 I 

,*) 

2 

2-74 i 

5*5 

0*5 

9c 

2-4 

1 

10 

2 

— 1 

10-6 

0*6 

lOa 

2-6 ; 

— 

1 

2 

— 

1*3 

0*3 

10b 

2-6 1 

2-63 

.5 

2 

2-74 

5-8 

0*8 

10c 

2-6 1 

— 

10 

2 

— 

11*1 

1*1 

Ha 

50 ; 

— 

1 

2 

— 

3-2 

2*2 

11b 

50 

2-33 

5 

2 

2-74 

9-4 

4*4 

lie 

50 ! 

— 

10 

2 j 

— 

16-8 

6-8 

12a 

100 

— 

1 

2 

— 

5*5 

4*5 

12b 

100 

202 

.7 

2 

2-74 

19*8 

14*8 

12c 

100 

— 

10 

2 

— 

36-5 

i 

26*5 


' Measured by Dr. A. G. Polsen, Section of Virus Diseases. 


In this connection the use of a buffer has been introduced by 
Hoskins and Ferris who found a pH of 3*5 the most satis¬ 

factory for the micro and semi-micro determination of fluorine. In 
order to obtain this pH at half neutralization, where buffering power 
is maximum, the buffer acid must have a paK of the same magnitude. 
Monochloracetic acid has a paK of 2*8 in water, passing to 3*55 in 
48 per cent, alcohol (Hoskins, 1938), being also the pH at half 
neutralization. 

The use of the Hoskins-Ferris buffer was omitted in the present 
study, as the use of a buffer at a pH of 2*74 is unnecessary when 20 
micrograms of fluorine are determined. Furthermore, the intro¬ 
duction of this buffer definitely affects the sensitivity of the bleach. 
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The Effect of fH Variations on the Titer of the Thorium 

Solution. 

The effect produced on the titer of the thorium solution as a result 
of varying the acidity was established by carrying out the follow¬ 
ing procedure. A series of paired tubes was prepared, containing 
1 and 2, 2 and 4, 5 and 10, 10 and 20. 20 and 40 micrograms of 
fluorine respectively, the indicator concentration a constant at 
2*6 X10“'* per cent. The series as a whole was then subjected to 
differences in acidity as elucidated in Table IV. Final volumes prior 
to the introduction of thorium solution were controlled at 43 ml. 
The thorium nitrate equivalence of the fluorine difference between the 
paired tubes was established and calculated to unity to arrive at the 
titer of the thoruim solution (Table IV). 


Table IV. 


The Effect of Variations in pH on the Titer of the Thorium Solution, 


Tube 

No. 

005 

N. HCl i 
ml. 

pH. 

Series A 
Mioro- 
grams F. 

Series B 
Micro¬ 
grams F. 

Thorium 

Series A 
ml. 

Solution. 

Series B 
ml. 

Titer 

Micro¬ 

grams 

pml. 

1 



1 


0-69 



la 

— 

— 

— 

2 

— 


7*4 


— 

— 

2 

— 

' 0*73 

— i 

— 

2a 

— 

— 

— 


— 


7*4 

3 

100 

303 

5 

— 

M2 

— 1 

— 

3a 

— 

— 



— 

1*78 ! 

7*6 

4 

— 

— 



1-72 

— 

— 

4a 

— 

— 


20 

_ 

2*98 1 

7*9 

5 

— 

— 

20 

— 

2*93 

— 

— 

5a 

— 

— 


40 

— 

5*39 

8*1 

1 

_ 

_ 

mnilli 

_ 

0*66 

_ I 

_ 

la 

— 

— 


2 

_ 


6*3 

3 

— 

— 

2 

— 


— 

— 

2a 

— 

— 

— 

4 

_ 

1*14 

6*4 

3 


2-89 

5 

— 

125 

i — 

— 

3a 

— 

—. 

— 


... 


6*6 

4 

— 

— 

10 

— 



_ 

4a 

— 

— 

— 

20 

_ 

3*66 

6*3 

5 

— 

— 

20 

— 

3*36 


_ 

5a 

— 

— 

— 


— 

6*22 

6*9 

1 

_ 


1 




■ 

la 

— 

— 

— 

2 

— 

0*86 

5*6 

2 

— 

— 

2 


0*88 

10 

..... 

2a 

— 

— 

— 


.. 

1*26 

5*3 

3 

ISO 

2-79 

5 


1*41 


...... 

3a 

— 

— 

— 


— 

2*32 

5*5 

4 



10 


2*19 

..... 

...... 

4a 

— 

— 

— 1 

20 


3*88 

5*9 

5 

— 

— 


— 

3*38 


.N.. 

5a 




40 


6*46 

6*5 
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Table IV— continued. 


Tube 

No. 

006 

N. HCl 
ml. 

pH. 

Series A 
Micro¬ 
grams F. 

Series B 
Micro- 
grams F. 

Thorium 

Solution. 

Titer 

Micro- 

grams 

pml. 

Series A 
ml. 

! Series B 
ml. 

i 

1 ' 


1 

1 


0-69 



la 

— 

— 

— 

2 


0*88 

5*3 

2 

— 

— 

2 

— 

0-89 

— 

— 

2a 

— 

— 

— 

4 

— 

1*28 

5*1 

3 

2 00 1 

2-74 

5 

— 

1*42 

— 

— 

3a 

— 

— 


10 

— 

2-34 

5*4 

4 

— 

— 

10 

— 

2-26 

— 

— 

4a 

— 

— 

— 

20 

— 

402 

6*7 

5 

— 

— 

20 

— 

3-81 

— 

— 

5a 

— 

— 

— 

40 

— 

712 

60 

1 


_ 

1 

_ 

0*75 

_ 

_ 

la 


— 1 

— 

2 

— 

100 

4*0 

2 

— 


2 

— 

0-98 

— 

— 

2a 

— 

— 

— 1 

4 

— 

1-46 

42 

3 

2*60 

2-66 

5 

1 _ 

1-58 

1 — 

— 

3a 

— 

— 

I _ 

10 

— ! 

I 2*66 

4*6 

4 

— 

_ 1 

10 

— 

2-48 

1 — 

— 

4a 

— 

— 

— 

20 

— 

1 .4-46 i 

5*1 

5 

— 

— 

20 

— 

4>62 j 

1 — 

— 

5a 

— 

— 


40 

— 

8-72 

5*6 

1 

_ 

_ 

1 

_ 

104 

_ 

_ 

la 

— 

— 

! -- 

2 

— 

1*38 1 

1 2*9 

2 

— 

— 

2 

— 

1*30 

— 

— 

2a 

— 



4 

— 

1*91 

3*3 

3 

5-00 

2-33 

5 

— 

200 

— 

— 

3a 

— 

— 

— 

10 

— 

3*27 

3*9 

4 

— 

— 

10 

— 

3 08 

— 

— 

4a 

— 

— 

— 

20 

— 

5-46 

4*2 

5 

— 

— 

20 

— 

4-88 

— 

— 

5a 

— 

— 

— 

40 

_ 

906 

4*8 

1 

_ 

_ 

1 

_ 

1-70 

_ 

_ 

la 

— 

— 

— 

2 

— 

207 

2*7 

2 

— 

— 

2 

— 

212 

— 

— 

2a 

— 

— 

— 

4 

— 

2-74 

3*2 

3 

1000 

202 

5 

— 

316 

— 

— 

3a 

— 

1 — 

— 

10 

— 

4-52 

3*7 

4 

— 

— 

10 

— 

4-30 

— 

— 

4a 

— 

— 

— 

20 

— 

6-90 

3*8 

5 

— 

— 

20 

— 

6-32 

— 

— 

5a 

— 

— 

— 

40 

— 

10*82 

4*4 


It is observed (Table IV) that the titer ot the thorium solution 
is markedly decreased relative to a decreasing pH in the range 3 to 2, 
using 1 to 20 micrograms of fluorine for the titer determination. At 
a constant pH, a tendency towards a slight increase in titer is 
observed, when the fluorine-concentration adopted for the titer deter¬ 
mination is increased from 1 to 20 micrograms. In the pH range 2*66 
to 2-02 this increase in titer relative to an increase in fluorine concen¬ 
tration, becomes more pronounced than in the pH range 3*03 to 2*74. 
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Armstrong (1936) states that at a constant pH, the titer of a 
thorium nitrate solution is independent of the amount of fluorine used 
for the titer determination, if titration is executed in aqueous 
medium, but does not hold true for titrations in alcoholic medium. 
The work of Dahle et al (1938), corroborates the findings of 
Armstrong. 


The Choice of a Fluohide Standaud. 

The difficulty encountered in procuring a pure fluoride product 
for adoption as standard, has been reported by various workers. 

In this laboratory, analytical samples of sodium fluoride were 
found to have a percentage purity as low as 96 per cent, (conversion 
to sulphate, precipitation as lead ehloro-fluoride and by comparing its 
thorium nitrate titer with that of specially prepared fluorine com¬ 
pounds). 

HofFmann and Lundell (1929), modified the meihod used by 
McAdam and Smith (1912) in atomic weight work, for the preparation 
of a high purity sodium fluoride. 

The author prepared a sodium fluoride of satisfactory purity, 
adopting the method of Reynolds and Hill (1939), The purity of this 
product was checked against a precipitated strontium fluoride 
prepared from a high purity strontium chloride. 

Analyses of these products by precipitation as lead chlorofluoride 
(P. Ed. Winkler, 1938), and by comparing their thorium nitrate 
titers, gave a purity of 99*2 per cent. 


The Choice of a Volatij.izincj Acid. 

The three non-volatile acids available for the volatilization of 
fluorine as hydrofluosilicic acid, are sulphuric, phosphoric and 
perchloric acids. 

The distillation of phosphatic materials with phosphoric acid to 
effect the volatilization of the fluorine, has frequently been frowned 
Upon, on account of the fact that orthophosphate is invariably present 
in the distillates, causing plus errors in the titration. This acid is 
undoubtedly of value to effect the separation of fluorine from ashed 
samples still containing an appreciable amount of organic material. 
In the present study this acid has not been considered. 

Sulphuric acid was recommended by Willard and Winter (1933) 
and has subsequently been adopted by various workers in both micro 
and semi-micro procedures, the advantage of sulphuric acid again 
being that it may be used in the presence of organic material. 

Perchloric acid was found by Willard and Winter (1933) to be 
an excellent agent to effect the volatilization of fluorine as the 
fiuosilicic acid. The solubility of perchlorates makes this acid espe¬ 
cially suitable where large amounts of ash have to be distilled. A 
certain amount of danger is attached to the use of this acid in the 
presence of organic material. 
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Both sulphuric and perchloric acids have repeatedly been 
demonstrated to effect a quantitative volatilization of fluorine. To 
conclude thus as to their respective merits and demerits, it is neces¬ 
sary to establish the errors caused by the presence of these acids 
in the distillate, subjected to determination. 

Sulphuric and perchloric acids find their way into the distillates, 
being either carried over as a spray, or due to a partial volatilization. 
The amount of acid present in blank distillates depends upon the 
size of the distillation flask, temperature of distillation, and as 
Dahle (lU-W) pointed out, due to an overheating of the flask above the 
liquid juiK'tion, 

The presence, in Ihe sample subjectcjd to distillation, of certain 
salts es})ecially chlorides, naturally gives rise to a high acidity of 
the distillate. 

The effect produced by ihe presem;e of sulphuric, perchloric and 
hydrochloric acids in the distillate, both blank and fluorine-bearing, 
was investigated. 

The sulphuric acid used is a Mercks reagent (S.G. I. 84) and 
was previously heated in a glycerine bath at 18(1^ C. for one hour to 
expel all traces of volatile sulphur compounds which may be formed 
in the acid due to the piesence of chloride traces. 

Distillate v(»linues of 200 ml. were collected from five lots of 
this acid, at 140® V. A mixture of 0 ml. comientrated acid and 
10 ml. water w^as adopted. Initial boiling point being 125® C. 

Tin* assembled apparatus was freed from all COg by passing a 
current of nitrogen through the unit, and using a CO 2 free water 
for the generation of steam. The distillate wras guarded against a 
possible < (mtainination. Under these conditions the total acidity 
of the distillate may be ascribed to the presence of free sulphuric 
acid. The values obtained for a<‘idities and apparent fluorine con¬ 
tent of blank sulphuric acid distillates, are shown in Table Y. 

Table V. 


7'hv Acidity^ Svlphate and apparent Fluorine Content of Blank 
Svlphvric Acid Distillates collected at 140® C. 


! 

0-01 N. 

HjSO, 

0-05 N. 

1 Fluorine 

Distilato No. ! 

NaOH 

Concentration 

HCl 

Blank 

1 

ml. 

1 1 

Grams. 

ml. 

Micrograms. 

1. 

1 

i 0-28 

0-137 X 10-*. 

1*95 

0*60 

2. 

0*30 

0 *147 X 10“*. 

1*94 

0*70 

3. 

0*31 

0 -152 X 10-*. 

1*94 

0*60 

4. 

0*29 

0 -143 X 10-*. 

1*95 

0*50 

6. 

0*34 

0-166X 10-*. 

1*93 

0*70 


The near constancy of the total acidity and apparent fluorine 
value of sulphuric acid distillates, collected under uniform condi¬ 
tions, is striking (Table V). 

19 
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The bleaching effect of the blank distillate towards the alizarin 
compound is apparently due to some substence other than fluorine 
since the constancy of this bleach is reduced by added fluorine (Table 
VI). Fluorine in a range of 2 to 10 micrograms was addecl to a 
mixture of the distillates 1, 2, 3, 4 and 5 (Table V) and the recovery 
of added fluorine established by matched standard tubes (Table VI). 

Table VI. 


The Effect of Added Fluorine on the Blank Bleach, 


Sample 

No. 

0-01 N. 
NaOH 

H,S 04 

Concentration 

Apparent 

F 

Added 

F 

Total 

F 

<!.<;. 

Oranifl. 

Micrograms. 

Micrograms. 

Micrograms. 

1 

0*30 

0 147X 10-». 


2 

2*8 

2 

0*30 

0-147 X 10-*. 

0*70 

3 

3*6 

3 

0*30 

0*147 X 10-*. 

0*70 

4 

4*6 

4 

0*30 

0 *147 X 10“». 

0*70 

T) 

5 • 5 

5 

0-30 

0-147 X 10-*. 

0*70 

6 

6*6 

6 

0*30 

0 *147 X 10-». 

0*70 

7 

7*4 

7 

0-30 

0-147 X 10->. 

0*70 

8 

8*5 

8 

0-30 

0-147 X 10-*. 

0*70 

U 

9*4 

0 

0*30 

0 *147 X 10“». 

0*70 

10 

10*4 


The average acidity of five lots of blank sulphuric acid distillates 
is of the order 0*3 ml. 0 01 N NaOH per 40 ml. volumes (Table VI). 
Following the procedure advocated by Willard and Winter (1933), 
Aionstrong (1936) etc., i.e. neutralization of the’ distillate by means 
of sodium hydroxide, a sodium sulphate concentration of the order 
0*213 X lO”® grams per 40 ml. would be obtained. 

The effect of sulphuric acid* and sodium sulphate, added to 
produce concentrations of the above-mentioned order, was investigated 
in the presence of 1 to 10 micrograms added fluorine (Table VTI). 

The detrimental effect of the sulphate ion has already been noted 
by de Boer and Basart (1925), in their original exposition of the 
basics reaction. 

Hoskins and Ferris (1936) state that a sulphate concentration 
of 1X lO^^M is necessary to produce an appreciable effect on the 
titration of the fluorine ion by means of thorium nitrate. 

Eberz, Lamb and Lachele (1938) investigated the effect produced 
by the sulphate ion in alcoholic solutions and conclude that the error 
caused by sulphates increase with a corresponding increase in fluorine 
content. 

Beynolds and Hill (1939) confirmed the findings of Eberz et al 
(1938) to the effect that the interference due to the sulphate ion is 
dependent upon the amount of fluorine present, if titration is executed 
in alcoholic solution. According to these workers, the interference 
of the sulphate ion disappears almost entirely in aqueous solutions. 
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Fellenber^ (1937), apparently eiinounterecl no interference as 
the result of adopting sulphuric acid for the separation ef fluorine 
from biological material. Fellenberg definitely states that the 
subsequent titrimetric determination (modification of the Armstrong 
micro procedure) should be executed in the entire absence of the 
sulphate ion. The fact that sulphuric acid apparently does not 
find its way into Fellenberg’s distillate may be accounted for by 
the low volatilization temperature (125^ C.) aavocated bj^ this worker. 

Table VTI. 

The Effect of Added HjSO^ and NuaSO^ on the Recovery of Fluorine. 


Tube 

No. 

Na,S 04 

Added F 

Found F 

HjSO* 

Added F 

Found F 

Concentration 

Micro- 

Micro- 

Concentration 

Micro- 

Micro- 

Grams. 

grams. 

grams. 

Grams. 

! 

grams. 

grams. 

A 

0-071 X JO 3... 

0 

0-6 

0-049 X 10-“... 

0 

0-4 

n 

0-142 X 10-3... 

0 

1-1 

0-098 X 10-“... 

6 

0-7 

V 

0-213 X 10 3... 

0 

1-2 

0-147 X 10“ 3... 

0 

1-0 

1) 

0-284 X 10-’... 

0 

1-5 

0 -196 X 10-“. .. 

0 

1-2 

K 

o-3rMX 10 3... 

0 

1-8 

0-245 X 10“»... 

|_ 

0 

1-4 

A 

0-071 X 10 3... 

1 

1-7 

0-049 X 10-“... 

1 

1-5 

B 

0-142X 10-*... 

1 

2-0 

0-098 X 10-“... • 

1 

1-8 


0-213 X 10-3... 

1 

2-1 

0-147 X 10-“... 

I 

1-9 

1) i 

0-284 X 10-»... 1 

1 

2-5 

0-196X 10-“... 

1 

2-3 

K 

o-3.'»r)X 10-“... j 

1 

3 0 

0-24.') X 10 “... 

1 

2-5 

A ! 

0-071 X 10-“... ! 

5 

5-3 

0-049 X 10-“... 

1 

0 ' 

5-3 

B 

0-142 X IO-»... ; 

5 

5-7 

0-098 X 10-“... 

! 

5-6 

C 

0-21.3 X 10-“... 

r» 

6-1 

0-147 X 10-“... . 

5 i 

6-0 

1) 

0-284 X 10-“... 1 

o 

6-6 

0-196 X 10-“... 

5 

6-3 

E 

0-.3.-).)X 10-“... [ 

5 

7-1 

0-245 X 10-“... ^ 

5 

6-5 

A 

0-071 X 10-“... 1 

10 

10-4 

0-049 X 10-’... i 

10 

10-5 

B ' 

0-142 X 10-“... 

10 

11-1 

0-098 X 10-“... ; 

10 

10-8 

C 

0-213 X 10-“. .. 

10 

11-4 

0-147 X 10-“... 

10 

11-2 

I) 

0-284 X 10-“... 

10 

11-9 

0-196X 10-“... : 

10 

11-4 

E 

0-355 X 10-“... 

10 

12-2 

0-245 X 10-“... i 

10 

11-8 


From a comparison of Tables VII and V it is observed that 
added sulphuric ac id gives rise to a larger blank fluorine value, than 
a like sulphuric acid (‘.onceiitration encountered in actual blank 
distillates. 

It was already pointed out that the error introduced by the use 
of sulphuric acid as volatilizing agent, is reduced by added fluorine. 
The same phenomenon is encountered in instances where sodium 
sulphate and sulphuric acid are added to a standard fluorine series 
(Table VII). It is observed that the blank error resulting from both 
sodium sulphate and sulphuric acid, is reflected quantitatively in 
the recjovery of 1 microgram of added fluorine, whereas a marked 
decrease in the error is encountered, passing from 1 to 5 micrograms 
of added fluorine. Strangely enough, in the range 5 to 10 micrc)- 
grams of added fluorine a slight increase in the actual blank error is 
encountered in the case of both sulphuric acid and sodium sulphate, 
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for the same sulphate ion concentrations. The plus errors as reflected 
by the recovery of added fluorine are greater in the case of sodium 
sulphate than of sulphuric acid. This suggests that the neutraliza¬ 
tion of the free acid in the distillate with sodium hydroxide, to effect 
evaporation, as advocated in the majority of methods for the deter- 
nation of fluorine, introduces an additional plus error of variable 
size. The detrimental effect of sulphate traces is Surprising if it is 
taken into consideration that thorium sulphate is a comparatively 
soluble salt. The conductivity measurements of Barre (1910) show 
that even a 0*001 M solution is by no means completely dissociated. 
The weakness of the salt will naturally be greatly increased in 
alcoholic Solutions, \i^hich may feasibly account for the difference 
encountered by Reynolds and Hill (1939) between alcoholic wd 
aqueous medium, as far as the interference due to the sulphate ion 
is concerned. Reynolds and Hill (1939) expressed the opinion that 
the sulphate ion interferes as a result of giving rise to insoluble salts 
of the type ThF^SO^. This can, however, hardly account for the 
significant increase in apparent fluorine content, concomitant with 
an increase in sulphate ion concentration, in the absence of fluorine 
(Table VII). The slight dissociation of thorium sulphate may readily 
account for this phenomenon. 

Perchloric acid on account of the solubility of the perchlorates, 
is a most suitable acid for the volatilization of fluorine. The per¬ 
chloric acid distillation of phosphatic materials, invariably leads to 
the presence of orthophosphate in the distillate (Churchill et ah 
1937), causing plus errors in the determination. 

In this laboratory it was observed that phosphate subjected to 
distillation in the pyro form has a tendency to find its way into the 
distillate, whereas the distillation of small quantities of orthophos¬ 
phate is devoid of this distressing feature. Virtually, this is the 
principle underlying the postulate of Churchill (1935) to the effect 
that a double perchloric acid distillation yields a distillate free from 
any orthophosphate. 

The effect of partially volatilized perchloric acid in the distillate 
on the subsequent determination was established by following similar 
lines to those adopted in the case of sulphuric acid. In this experi¬ 
ment 200 ml. volumes of distillate were collected at 130^ C. from 
five lots of perchloric acid (5 ml. 60 per cent, perchloric acid+ 10 ml. 
water. The same precautions were taken as in the distillation of 
sulphuric acid. Again the near constancy of acidjty and apparent 
fluorine content of blank distillates, collected under uniform condi¬ 
tions is striking (Table VIII). 

The total apparent fluorine value of the blank distillates is of the 
same order as tnat encountered by McClure U939) in his investiga- 
tibn of the Armstrong procedure. 

Eberz, Lachele and Lamb (1938) advocates the purification of 
SCIO 4 by continual distillation until the Blank is zero. The author 
was uflaDle to confirm the findings of these workers. 

Pj^longed treatment of perchloric acid at 160® prior to distilla¬ 
tion did not alter the magnitude of the apparent fluorine value of 
the blank. 
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Table Vlll. 


The Acidity and apjfarent Fluorine Content of Blank Perchloric 

Acid Distillates. 



001 N. 

HCIO 4 

0 05 N. 

Apparent F 

Dwtillate No. 

NaOH 

Concentration 

HCl 

Value 


ml. 

OramH. 

ml. 

Micrograms, 

1 . 

0-49 

0-492 X 10-*... 

1*90 

0-30 

2 . 

0*54 

0-.543X 10 -*... 

1-89 

0-50 

3. 

0-50 

0-503 X 10-*... 

1-90 

0-50 

4. 

0/56 

0-.503X 10 -*... 

1-89 

0-40 


0*56 

0-.563 X 10-*... 

1-89 

1 

0-30 


All valueH in Table Vlll for 40 ml. aliquots of distillate. 


The intensity of bleach displayed by the blank perchloric acid 
distillates towards the alizarin compound is reduced to zero by the 
addition of fluorine (Table TX). The minus error obtained in the 
case of 20 micrograins of added fluorine, is in line with the findings 
of Reynolds and Ilill (1939) who encountered significant apparent 
fluorine values for blank perchloric acid distillates, but on addition 
of this blank to a sodium fluoride solution of known concentration, 
a lowered titer was encountered. 


Table IX. 

The Effect of Addi^d Fluorine on the Blank Bleach. 


Sample So. 

0-01 N. 
NaOH 
ml. 

HC 1()4 

Concentration 

Grams. 

Apparent F 
Micrograms. 

Added F 
Mierograms. 

P’oiind F 
Mierograms 

1 . 

0-.'52 

0-523 

X 

10 -®... 

0-50 

2 

2-4 

•7 

0-52 

0-523 

X 

10 -*... 

0-60 

3 

3-3 

3. 

0-52 

0-523 

X 

10 -*... 

0-50 

4 

4-3 

4. 

0-52 

0-523 

X 

10 -®... 

0-50 

5 

5-3 

5. 

0-52 

0-623 

X 

10 -*... 

0-50 

6 

6-2 

6 . 

0-52 

0-523 

X 

10 -®... 

0-40 

7 

7-2 

i . 

0-52 

0-523 

X 

10 -®... 

0-50 

8 

8-2 

8 . 1 

0-52 

0-523 

X 

10 -®.. . 

0-50 

9 

9-0 

9. 

0-52 

0-523 

X 

10 -®... 

0-50 

10 

10-1 

10 . 

0-52 

0-523 

X 

10 “®... 

0-50 

20 

19-8 


This experiment was carried out with 40 ml. aliquots obtained 
from a mixture of distillates No. 1-5 (Table VIII). 

The next step w’as to establish the effect of added perchloric acid 
and sodium perchlorate, on the recovery of fluorine. Perchloric acid 
and sodium perchlorate were added to a standard fluorine series, in 
a concentration of the same order, and up to tenfold the concentra¬ 
tion as encountered in distillates from this acid. The recovery of 
the fluorine from the standard series (0 to 10 microg.) was determined. 
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Table X. 

The Effect of HCIO^ and NaClO^ on the Recovery of Added 

Fluorine. 


Tube 

No. 

NaC 104 

Concentration 

Grains. 

F 

Added 

Micro¬ 

grams. 

F 

Found 

Micro- 

grams. 

HCIO 4 

Concentration 

Grams. 

F 

Added 

Micro- 

grams. 

F 

Found 

Micro- 

grams. 

A 

0-618 X 10-*... 

0 

0 

0*503 X 10-*... 

0 

0 

B 

1-226 X KH*..- 

0 

0 

1*006 X 10-*... 

0 

0 

C 

1-839 X 10-*... 

0 

0 

1-509 X 10-*... 

0 

0 

D 

3-066 X 10-*... 

0 

0*2 

2-615 X 10-*... 

0 

0 

E 

4-291 X 10-*... 

0 

0-2 

3-.521 X 10-*... 

0 

0 

F 

6-130 X 10-*... 

0 

0-5 

6-030 X 10-*... 

0 

0 

A 

0-613 X 10-*... 

10 

10 

0-503 X 10-*... 

1*0 

1*0 

B 

1-226 X 10-*... 

10 

10 

1-006 X 10-*... 

1*0 

1*0 

C 

1-839 X 10-*... 

10 

1*0 

1-/)09X 10 -®... 

1*0 

1*0 

D 

3-066 X 10 -*... 

10 

1*1 

2-515 X 10-*... 

1*0 

1*0 

E 

4-290 X 10-*... 

10 

1*3 

3-521 X 10-*... 

1*0 

1*0 

F 

6-130 X 10-*... 

1-0 

1*6 

5-030 X 10-*... 

1*0 

1*0 

A 

0-613 X 10-*... 

30 

3*0 

0-503 X 10-*... 

3*0 

3*0 

B 

1-226X 10 -*.- 

30 

30 

1-006 X 10-*... 

3*0 

3*0 

C 

1-839 X 10-*... 

3*0 

3*0 

1-509 X 10-*... 

3*0 

3*0 

D 

3-066 X 10-*... 

30 

3*0 

2-516 X 10-*... 

3*0 

3*0 

E 

4-291 X 10-*... 

30 

3-4 

3-621 X 10-*... 

3*0 

3*0 

F 

6 -130 X 10-*. .. 

30 

3*5 

5-030 X 10-*... 

3*0 

3*0 

A 

0-613 X 10-*..- 

50 

50 

0-503 X 10-*... 

5*0 

5*0 

B 

1-336 X 10-*... 

50 

50 

1-ooex 10-*... 

5*0 

. 5*0 

C 

1-839 X 10-*... 

5-0 

5*0 

1-609X 10 -*... 

5*0 

5*0 

D 

3-065 X 10-*... 

50 

6*2 

2-.515X 10 -*... 

5*0 

50 

E 

4-291 X 10-*... 

50 

5*4 

3-621 X 10-*... 

5*0 

5*0 

F 

6-130 X 10-*... 

50 

5*7 

6-030 X 10-*,.. 

5*0 

5*0 

A 

0-613 X 10-*... 

70 

7*0 

0-.')03X 10 -*... 

7*0 

7*0 

B 

1-226 X 10-*... 

7-0 

7*0 

1-006 X 10-*... 

7*0 

7*0 

C 

1-839 X 10-*... 

70 

7;0 

1-509X 10 -*... 

7*0 

7*0 

D 

3-065 X 10-*... 

70 

7*3 

2-615 X 10-*... 

7*0 

7*0 

E 

4-291 X 10-*... 

7*0 

7*5 

3-r>2I X 10-*... 

7*0 

7*0 

F 

6-130 X 10-*... 

70 

7*6 i 

6-030 X 10-*... 

7*0 

7*0 

A 

0-613 X 10-*... 

100 

10*0 

0-603 X 10-*... 

10*0 

10*0 

B 

1-226 X 10-*... 

100 

10*0 

1-006X 10 -*... 

10*0 

10*0 

0 

1-839 X 10-*... 

100 

10*2 

1-600X 10 -*... 

10*0 

10*0 

D 

3-065 X 10-*... 

100 

10*2 

2-615 X 10-*... 

10*0 

10*0 

E 

4-291 X 10-*... 

100 

10*6 

3-621 X 10-*... 

10*0 

10*0 

F 

6-130 X 10-*... 

100 

10*8 

6-030 X 10-*... 

10*0 

10*0 


Perchloric acid up to a concentration of 6-03 xlO”’* |?rani8 per 
43 ml. has no effect on the recovery of added fluorine in a ranj^e of 
0 to 10 miorograms (Table X). 

All tubes are controlled at a total acidity equivalent to 2 ml. 
0-05 N acid by means of HCl. Thus from Table X it appears that 
for the purpose of controlling the pH, perchloric acid may partially 
and totally be substituted for hydrochloric acid. Dahle et al (1938) 
found that a total substitution of perchloric for hydrochloric acid 
has no bearing on the results obtained. 

It is evident thus, that the blank values obtained for perchloric 
acid distillates (Table VIII) cannot be ascribed to the presence of 
free perchloric acid. 
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On the other hand it is observed that as a result of neutralization 
and the consequent introduction of the sodium ion, errors are intro¬ 
duced when the concentration of the sodium perchlorate reaches 
approximately *3 x lO*"’ [?raras per 43 ml. (Table X). 

Reynolds and Hill (1939) observed interferences as a result of 
the presence of the sodium ion, in semi-micro titrimetric work. They 
found that by adding sodium salts to the solution towards the end 
of the litration, little or no effect is produced on the titer, suggesting 
that the interference arises from reactions taking place when the 
fluorine ion is still available. The formation of insoluble salts of the 
type Nag ThFg may feasibly explain interferences due to the presence 
of the sodium ion. The statement of these authors to the effect that 
the potassium and ammonium ions ctaiise interferences of a lesser 
degree, thus bec‘omes apparent. 

Dahle ef al (1938) encountered interferences as a result of 
neutralization. A(‘cording to these authors ‘‘ this salt error may 
be due either to some change in the reaction between thorium, 
fluorine, and the indicator, or, more probably, to the effect of the 
salts on the pH, scaliuin alizarin sulphonate being an indicator 
rather sensitive to salt effects 


The Significance of Fin.()i{U)Es. 

Chlorides are invariably present in all fluorine bearing material, 
sometimes in excessive amounts. The chlorides will subsequently be 
quantitatively present in the distillate as hydrochloric acid (Fellen- 
berg, 1937) and its presence must duly be considered. 

In this study a pTT of 2‘74 (Uahle et al, 1938) was adopted, al 
which all standards and unknowns aie to be compared. The acid 
equivalence to this pH is 2 ml. 0*05 N per 40 ml. volumes. 

It is at once evident, that if the charge in the distillation flask 
contains more than 17 mg. chlorine, the total acidity of the distillate 
will be in excess of 10 ml. 0*05 N acid. If the presence of chlorides, 
in excess of the above-mentioned magnitude, is suspec ted, its removal 
must be effected. 

In the literature several methods are encountered, to safeguard 
the distillation from the presence of hydrocjhloric acid. Dahle (1937) 
advocates the removal of chlorides by heating the charge with 
sulphuric ac*id and the potassium permanganate equivalent of the 
original chlorine concentration, fitting a reflux condenser to the 
distillation flask. In the authors^ hands, the use of both potassium 
permanganate and dicliromate, resulted in low recoveries of added 
fluorine presumably due to the formation of manganese and 
(chromium-fluorine (complexes. In the jiresence of ammonium salts 
this procedure is dangerous. Armstrong (1936) removes chlorides 
from the first distillate with a solution of silver perchlorate. The 
evaporated filtrate is redistilled and the second distillate is subjected 
to a treatment with activated charcoal. This procedure is impractic¬ 
able. Eberz, Lamb and Lachelle (1938) advocates the incorporation 
of . silver perchlorate in the distilling flask, carefully avoiding any 
excess of silver salt. 
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The author found the use of solid silver sulphate, as advocated by 
McClure (1939) entirely satisfactory. If a single distillation is 
sufficient, solid silver sulphate (a slight excess is of no significance) 
is added to the charge in the flask. Before steam is passed through, 
bumping is avoided by passing a slow stream of nitrogen through 
the unit. At 130® C. the nitrogen (current is disconnected and steam 
passed through. If a double distillation proves necessary the solid 
silver sulphate is added to the concentrated distillate and the latter 
redistilled. Precipitation and subsequent filtration of the silver 
chloride from the first distillate did not prove satisfactory due to 
the finely divided nature of the precipitate, which defies filtration. 

The recovery of fluorine in duplicate and the recovery of added 
fluorine, in conjunction with ihe removal of chlorides will be 
discussed under the determination of fluorine in whole blood. 

The effect of chloride as sodium chloride on the recovery of added 
fluorine, was investigated to determine the permissible range of a 
neutralization of the distillate by means of sodium hydroxide (Table 
XI). It is observed that the presence of the sodium ion is manifested 
by interference when the (ioiicentration of sodium chloride reaches 
4’095x 10“® grams per 43 ml. in the absence of fluorine, and with a 
fluorine content of 10 micrograms an error of f) per cent, is caused. 

The advantage of executing the deiermination, avoiding neuhali- 
zation, becomes apparent. In cases where neutralization and evapora¬ 
tion of the entire distillate is imperative, the sodium chloride 
concentration prior to actual determination should not be in excess 
of 2*925x10-3 grams per 43 ml., i.e. the total neutralizing value 
in terms of 0*01 NaOH should not exceed 5 ml. 

The sodium chloride concentration causing interferences, accord¬ 
ing to McClure (1939) and Dahle (1938) is significantly higher than 
the concentrations causing plus errors in Table XI. 

Fellenberg (1937) states that sodium chloride exerts no inter¬ 
ference in the titrimetric procedure adopted by him, being a modifi¬ 
cation of the Armstrong (1936) micro procedure. 


The Question of the Evaporation of the Alkaline Distillate. 

If only minute quantities of fluorine find their way into the final 
distillate, the logic approach to the problem of analysis lies in the 
evaporation of the alkaline distillate, the sensitivity of the determina¬ 
tion being thus enhanced. It has already been pointed out that as a 
result of neutralization the total sodium chloride concentration should 
not be in excess of 2*925 x 10“® grams per 43 ml. 

The method of evaporation of the distillate appears to be of 
cardinal importance. The author has repeatedly encountered low 
recoveries of fluorine traces when the alkaline distillates were evapo¬ 
rated in glass. 
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'rABLE XI. 

The effect oj Sodium Chloride on the Recovery of Added Fluorine. 
All values in Table XI per 43 vtL volumes. 



Nad 

0-05 N. 

Added 

Found 

Tube No. 

Concentration 

HCl 

Fluorine 

Fluorine 


OramH. 

ml. 

M icrograms. 

Micrograms. 

A. 

of)8r>x 10-*... 

2 

0 

0 

B. 

1-7.5.5 X 10-a... 

2 

0 

0 

C. 

2*92.5 X 

2 

0 

0 

B. 

400.5X 10-*... 

2 

0 

0*1 

K. 

r,-m)x 10-*... 

2 

0 

0*2 

A. 

O-.'iJCiX 10-*... 

2 

2*0 

2*0 

B. 

1-755X JO «... 

2 

2*0 

2*0 

C. 

2*92.5 X 10-®... 

2 

2*0 

2*1 

J). 

4 *095 X 10“®... 

2 

2*0 

2*2 

E. 

o-SoOX 10-®... 

2 

2*0 

2*4 

A. 

0-.'.H.-iX 10-*... 

2 

oO 

5*0 

B. 

l-T.-wX 10-*... 

2 

50 

50 

V . 

21»2r)X 10-*... 

2 

5*0 

5*2 

J). 

4()9r>x 10-*... 

2 

5*0 

5*5 

E. 

r.-850X 10-*... 

2 

5*0 

5*5 

A. 

OflS.'iX 10-*... 

2 

10*0 

10*0 

B. 

175r.x 10-*... 

2 

10*0 

[ 10*0 


2-92f. X lO-*.. 

2 

10*0 

10*4 

1). 

4-095X 10-*... 

2 

10*0 ; 

10*6 

E. 

r.-8r)0y io->... 

2 

10*0 ; 

10*7 


The work of McClure (19^39) has cleared uj) this distressing* 
feature. He found low recoveries of added fluorine when evaporation 
w^as accomplished in glass, but quantitative recoveries by evaporation 
in platinum. The effect produced by evaporation in glass as compared 
to the use of platinum is illustrated in the determination of the 
fluorine content of normal bovine blood (Table XII). 


Hahk Contaminants. 

Numerous substances, resulting in serious interferences in the 
determination of fluorine by methods based on the reaction of de 
Boer and Basart (1926), have been reported by Willard and Winter 
(1933), Kolthoff and Stansby (1934), Sanebis (1933), Fellenberg 
(1937), Reynolds and Hill (1939), etc. These interfering substances 
of which soluble aluminium salts, boron, gelatinous silica, nitrite, 
nitrate, pyritic sulphur, sulphite, etc., are few. These substances are 
however not ordinarily encountered in biological material. 

Lockwood (1937) pointed out the serious errors that may result 
on account of the presence of manganese traces in ashed samples. A 
portion of the hydrochloric acid formed, under these conditions, will 
be oxidised to free chlorine causing serious errors in the determina¬ 
tion. Lockwood (1937) advocates the use of sodium nitrite to destroy 
the free chlorine, a practice wdiich cannot be employed in the method 
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advocated in this study. According to Lockwood the method of 
Barr and Thorogood (1934) cannot be ap])lied to the determination of 
fluorine in domestic waters subjected to chlorination. The author 
found distillation by means of sulphuric acid-indigo-sulphonic acid 
(Fellenberg, 1937) satisfactory for nullifying the ill-effects of free 
chlorine. 

The Determination of the Flijouink (’ontent of Normai. 

Bovine Blood. 

McClure (1939) in his study on the applicability of the Armstrong 
micro procedure, reports that this method cannot be successfully 
applied to the determination of the fluorine content of foodstuff's con¬ 
taining less than 1 p.p.m. fluorine, skim milk powder being a case in 
point. 

The determination of the fluorine content of normal bovine blood 
was attempted in this study on account of its low fluorine content and 
the difficulty encountered in ashing large quantities of blood. 

Procedure. 

350 c.c. of blood was collected from a bovine on a low fluorine 
ration. The use of sodium oxalate as anti-coagulant proved unsatis¬ 
factory on account of the tendency towards the formation of magnetics 
iron oxide on ashing. If the ashing of blood is accompanied by the 
formation of this oxide, difficulty is encountered in the remov^al of 
the ash which firmly adheres to the sides of the combustion vessel. A 
mixture of ammonium oxalate and ammonium citrate was suc(*ess- 
fully adopted as anticoagulant. 

The blood (20 c.c.) is transferred to a platinum basin of 100 ml. 
capacity and 5 ml. saturated Ca{OH )2 solution added. The basin is 
placed on the steam bath for about half an hour, transferred to an 
air-bath (-1-150® C.) for approximately 15 minutes and placed in the 
muffle. The temperature is increased gradually to 450® C. at which 
temi)erature ashing is completed within one hour, without any trouble 
being encountered with frothing and spluttering. A second 20 ml. 
volume of blood is introduced and the })rocess repeated, ashing a total 
volume of 60 ml. whole blood. 

The ash is transferred to the distillation flask with a minimum 
of doubly distilled water. The volume of water and ash in the flask 
should not exceed 15 ml. (evaporate if necessary). Add 0*05 grams 
silica and a couple of glass beads. The apparatus is assembled and 
8 ml. HaS 04 S.G. 1*84 (previously treated as described) is slowly run 
down the capillary. The acid will accumulate in the bottom of the 
flask. A sudden mixing of the acid and the ash solution should be 
avoided. Gradual and satisfactory mixing can be achieved by forcing 
a very slow nitrogen stream down the capillary. 

The temperature is gradually brought to 140® 0. and steam 
passed through, collecting 200 ml. distillate. The distillate is 
titrated with 0*5 N NaOH against a minimum of phenolphthalein 
as indicator, to ascertain the total acidity as HCl (Fellenberg). 
Thus the total chloride concentration of the blood sample is 
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established. The distillate, after titration, is evaporated (in glass) 
to a small volume, care being taken to retain the pink colour of the 
phenolj)hthalein during* eva])oratioii. The evajmrated distillate is 
transferred to the distilling* flask (total volume ±15 ml.) and the 
chloride equivalence of solid AgjSOd added. The apparatus is 
assembled and 7*5 ml. perchloric acid introduced through the capil¬ 
lary. The temperature is gradually raised to 130^ C., bumping being 
avoided by j)assing a slow nitrogen stream through the unit. At 
130° (-. the nitrogen current is switched off and steam i)assed in, 
maintaining ihe tem])erature at 130° C., and collecting 200 ml. 
distillate. The fluorine determination is executed on 40 ml. aliquot 
samples of the distillate as described. The results are tabulated in 
Table XU. 


Taulk XII. 

The Fluorine Content of Normal Blood (Bovine), and the 
/{ecorerff of Added F, 


1 

Rlo(ul 

Vol. 

e.f. 

1 

1st Distillatk. 

F 

Added 

Microgranis. 

2nd Distillatk. 

Blood 

F 

MicTogramci. 
Per cent. 

o r>o N. 
NaOH 
ml. 

Blood 

Cl. 

mg. 

Per teat. 

0 01 N. 
NaOH 
ml. 

0 05 N. 
HCI 
ml. 

A 60 

9 05 

267 

0 

205 

1-59 

t 

44*8 

B 60 

9-28 

274 

0 

1-30 

1-74 

46*0 

C 60 

9-42 

279 

0 

1-82 

1*63 

47*2 

D 60 

i 9-36 

277 

20 

212 

1*57 

62*5 

K 60 i 

i 912 

269 

50 

1-55 

1*69 

91*5 


1 


. 


- 

_ 


l8t Distillate = Titration Value of Total Distillate. 

2 nd Distillate — Values jier 40 ml. aliquots of distillate. 


It is observed from Table XII that in the second distillate, the 
neutralizing value of 40 ml. aliquots, in terms of 0*01 N NaOTI in 
all caseN exceeds 1*0 ml. Tims the determination coubl not have 
been executed on the total distillates. The Ag 2 S 04 was added in 
a theoretical equivalence 1o the chloride concentration as established 
by titration (Table XII). The high acidity of the second distillate 
may thus he ascribed to a slight j^reponderance of tJie chloride over 
the silver ion. 

Blood fluorine determinations may be duplicated with a gross 
error of the order of 5 per cent. (Table XII). The recovery of 20 
to 50 micrograms of fluorine added to whole Mood, amounts to 
approximately 83 and 92 per cent, respectively. (Taking the average 
values of A, B and C.) The low recovery of added sodium fluoride 
may be due to the preponderance of soluble iron salts in the charge, 
or due to loss on ignition. The first contingency was investigated 
by treating blood ash with concentrated sulphuric acid and silica 
in a platinum dish at 200° C. to expel the last traces of fluorine. 
The recovery of fluorine added to this fluorine-free salt residue, 
again falls within the 5 per cent, error limit. Apparently the 
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concentration of iron salts encountered in l>lood ash does not exeit 
an inhibitory effect on the volatilization of fluorine, loss on ignition 
has not been investigated. This phase 6f the determination of 
fluorine has been i‘arefully studied by Hoskins and Ferris (193G). 
These workers added sodium fluoride to ripe apple pulp and com¬ 
busted the samples at different temperatures. Even at a temperature 
of 720® C. a recovery of 97 per cent, was obtained. In Ihe ashing 
of the blood samples a iemperature of 500® C. was never exceeded. 
(Ine has to bear in mind, however, the possibility of an acid 
resisting iron-fluorine complex being formed during combustion. In 
this connection, the effect of fusing the ash with NajCOs, prior to 
distillation, on the recovery of added fluorine, is still being 
investigated. 


Table XIII. 

Glass vs. Platinum for the Evaporation of the Alkaline Distillate. 





001 N. 

NaCl 

O-OS N. 

Fluorine 


Vol. 

Evaporation. 

NaOH 

Concentration. 

HCl 1 

p. 40 c.c. 


ml. 

ml. 

Grams. 

ml. 

1 

Micrograms. 

A 

40. 


1*69 

0-988 X 10-*... 

1*66 

5*3 

B 

40. 

— 

5*60 

3-210 X 10-»... 

000 

5*7 

C 

120. 

Glass. 

5*50 

3-210 X 10-»... 

0*90 

4*5 

D 

120. 

Platinum.. 

5*50 

3-210 X 10-*... 

0*90 

5-8 


A mixture of the second distillates [A, li and C (Table XII) | 
was used to establish the relative effect on the recovery of fluorine, 
after evaporation, using glass (Jena) and platinum. 

Sample A is a natural 40 ml. aliquot as obtained from a mixture 
of distillates A, B and C (Tablfe XII) whereas in sample B the 
same concentration of sodium hydroxide, as necessitates the 
neutralization of samples C and D, has been incorporated. The 
total volumes in all cases were controlled at 43 ml. 

The high values obtained in tbe case of samples B and D may 
be attributed to the sodium chloride concentration. 

Evaporation in Jena glass gave rise to a minus error of 
approximately 15 per cent. 


SUMMARY. 

A method of the micro determination of fluorine based on the 
bleaching effect of the fluorine ion towards the thorium lake of the 
anthraquinone dyes sodium alizarin sulphonate and alizarin Bordeaux 
is described. Tnis i)rocedure is not concerned with the determination 
of more than 100 micrograras of fluorine per 200 ml. distillate. 

1. Neutralization of the acid distillate is avoided, the total 
acidity in both standards and samples being controlled 
equivalent to 2 ml. 0-05 N acid (hydrochloric or perchloric 
acid) per 43 ml. volumes. The pH of the medium is 2-74. 
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2. The need for (•oiitrolling the indicator concentration at a 
constant throii^^liout the series is emphasized by the varia¬ 
tions observed in the titer of the thorium sohitiou, at 
varying indicator concentrations. 

d A sodium fluoride of satisfactory purity may be prepared 
by the method of Reynolds and Hill (19^9). 

4. The use of a standard sodixun fluoride solution for the deter¬ 
mination of 20 micro^rams of fluorine as sili(*o fluoride 
may be a(*complished at a pll 2*74 without the use of a 
buffer. 

f). The use of sulphuric acid as final volatilizing agent cannot 
be recommended. Even under the most favourable condi¬ 
tions plus errors are caused due to the presence of the 
sulphate ion. 

0. Blank distillates (‘ollected from percliloiic acid exhibit a 
blea(;hing effect towards the alizarin compound. This 
bleaching effecd is not due to fluorine, as added fluorine 
results in a decrease of this jdus error. Neither is thfs 
apparent fluorine value due to i)artially volatilized per- 
chlojic' acid. The magnitude of the apparent fluorine 
value is not influenced by treating the perchloric acid at 
UiO^ prior to distillation. 

7. The introduction of the sodium ion is manifested by plus 

errors when the (u)neentratioii of sodium chloride reaches 
4*095x10"'^ grams per 43 ml. in the absence of fluorine 
and 2*925x 10"'® grams per 43 ml. in the presence of 
10 microgranis of fluorine. The corresponding concentra¬ 
tions for sodium perchlorate are 3*003x10“® and 
1*839x10“® grams per 43 ml. respectively. 

8. 14ie evaporation of the alkaline distillate in glass leads to a 

minus error of variable size. (Quantitative recoveries are 
observed when evaporation is effected in platinum. 

9. A method for the complete ashing of bl(K)d at low tempera¬ 

tures is described and the subsequent fluorine determina¬ 
tion on the ash may be duplicated with a maximum error 
of 5 per cent. A low recovery of added fluorine to whole 
blood was encountered, presumably due to the formation 
of acid resisting iron-fluorine complexes on ashing. Blood 
iron converted to ferric sulphate has no inhibitory effect 
on the volatilization of added fluorine. 


REFERENCES. 

.‘VUMSTRONC, W. 1). (1936). The niicro-determination of fluorine. Vroc. Soc. 
Exp, Biol, and Med., Vob iU, p. 731. 

RARRE. M. (1916). Gompt. rend. 151, p. 231. cited hy Hoskins and Ferris 
(1936). 

liARR, G., AND THOROGOOD, A. L. (1934). The determination of small quan¬ 
tities of fluorides in water. The Analyst, Vol. 59, No. 699, p. 378. 

383 



THE HICEO DETERMINATION OF FLUORINE. 


CHURCHILL, H. V., BRIDGES, R. W., and ROWLEY, R. (1937). Inter¬ 
ference of phosphorus in the determination of fluorine. Ind. Eng, Chem, 
Anal, Ed. 9, p. 222. 

DAHLE, D., BONNAR, R. U., and WICHMANN, H. J. (1938). Titration of 
small quantities of fluorides with thorium nitrate. Jowr, Assoc, Off, 
Agrir, Chem,, Vol. 21, pp. 459 and 468. 

DE BOER, J. H. AND BASART, J. (1926). Rec. Tmv, Ohm. 44, p. 1071, cited 
by Kolthoff and Sfcansby (1934). 

EBERZ, W. P., LAMB, F. C., and LACHELE, C. E. (1938). The determina¬ 
tion of fluorine spray residues on tomatoes. Ind, Eng. Chem, Anal., Ed. 
10, p. 259. 

VON FELLENBERG, Th. (1937). Die Bestimmung kleinster Fluonnengen in 
Lebensmitteln. Travaitx De Chimie Alimentaire et jyHygiene., Vol. 28, 
No. 3, p. 160. 

HOFFMANN, J. 1., and LUxVDFJJi, G. (1939). Bur. Standards J. Res. 3, 5, 
cited by Reynolds and Hill (1939). 

HOSKINS, W. M., and FERRIS, C. A. (1936). A method of analysis for 
fluoride. Ind, Eng, Chem, Annl, Ed. 8, p. 6. 

KOLTHOFF, I. M., and STANSBY, M. E. (1934). Detection and estimation of 
** small amounts of huorine. Ind, Eng. Chem, Anal,, Ed. 6, p. 118. 

LOCKWOOD, H. C. (1937). Fluorine in food products. The Analyst, Vol. 62, 
p. 775. 

MoADAM, D. j., and smith, E. F. (1912). J, Am, Chem, Soc., Vol. 34, p. 59, 
cited by Reynolds and Hill (1939). 

McCLURE, F, j. (1939). Micro determination of fluorine by thorium nitrate 
titration. Ind. Eng. Chem. Anal, Ed. 3, p. 171. 

REYNOLDS, D. S., and HILL, W. L. (1939). Determination of fluorine with 
special reference to analysis of natural phosphates and phosphatic 
fertilizers. Ind. Eng. Chem, Anal, Ed. 1, p. 21. 

ROWLEY, R. J., and CHURCHILL, H. V. (1937). The determination ot 
fluorine. Ind, Eng, Chem. Anal, Ed. 9, p. 661. 

SANCHIS, J. M. (1934). The determination of fluorides in natural waters. 
Ind. Eng, Chem. Anal, Ed. 6, p. 434. 

WILLARD, W. W., AND WINTER, O. B. (1933). Volumetric method for the 
determination of fluorine. Ind. Eng, Chem. Anal, Ed. 5, p. 7. 

WINKLER, P. Ed. (1938). Mechanism of the precipitation of lead chloro- 
huoride. Determination of fluorine in Fluorite in the presence or absence 
of silica. Bull. Soc. Chim. Belg., Vol. 47, p. 1. 


384 



Section V. 

Nutrition. 


!Mauais, J. S. C. and Further studies ou the aiiiiiu) aeid 
Smuts, I). B. defieieneies oi plant proteins .JjST 

Smuts, U. B. and The dr\ matter eousumption of sheej) 
Mahais, J. S. ('. on natural f^rnzing* in the Transvaal 4(Kf 


Smuts, 1) B. and The utilization In sheep of the pro- 
Maiiais, j. S. teins (contained in the natural j^razinn- 

during different seasons of the year 41') 

Myburgii, S. j . The earotene content of some South 

African feeds. 421 


385 





On(h ! lepoof I lournal of Veterinary Science and Animal Industry, 
Volume 14, lumbers 1 and 2, January and April, 1940. 

Goverrimont Printer, Pretoria. 

Printefl in the Union of South Africa by the 


Further Studies on the Amino Acid 
Deficiencies of Plant Proteins. 


By J. K. C. MAKAIS and 1). B. SMUTS, Section of Nutrition, 

i liiderstepoort. 


In Ji previous paper (19»hS), it was puintetl out that the nature of (he 
amino acid deficiencies in naturul protein feeds is an essential factor 
in tlie <jualitutive selection of pioteiii mixtures: that there exists 
no diretd method 4»f determining the nature of these amino acids 
and that the chemi<‘al analyses may leveal to some extent the value 
of a protein, hut are of no actual biological significance unless 
correlated with the biological re(|uiremeats of the animal. Mitchell 
(19d8) fully endorsed this statement on the value of chemical 
analyses. He states “ that even with all the chemical and 
biochemical information before us, the quantitative evaluation of 
protein diversities in nutrition would not be solved because the 
information Jieirlects the animal 

It appears that the best method at present to study the nature 
of the amino acid tleficiencies in protein feeds is to supplement diffe¬ 
rent protein fee<ls Avith the suspected deficient amino acids. These 
siipnlementations are then compared with the unsupplemented protein 
feeds on younjr rats by means of the paired feedinjr method under 
identical conditions. Sim^e the only difference in these comi)arisons 
is the inclusion of a small amount of a specific amino acid, it is 
reasonable to attribute any sip:nific'ant jrain in weijjfht in favour of 
the supplemented ration, to the inclusion of the amino ac*id. How¬ 
ever, jrain in weij^ht alone is a non-specific* <*riterion of nutritive 
value. Unless therefore in studies of this nature*, the "ains in weight 
can be defined or correlated with increased nitrojjfeu storaf?e, the 
results are inconclusive and have a dual interpretation. Conclusive 
pi oof, as to whether the greater gains induced by the amino acid 
inclusion are due to a better utilization of the nitrogen contained 
in the protein under experimentation can be obtained either by a 
complete nitrogen analysis of rats in each pair or bv a determination 
of the biological value of the supplemented and unsupplemented 
ration. The latter method was adopted in preference to the first, 
since it fitted into our general programme of protein investigation. 
Briefly then the method adopted in this Laboratory for the determi¬ 
nation of amino acid deficiencies in protein feeds is as follows: The 
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nature of the amino acid deficiency is first established by means of 
the paired feeding method. If by statistical analysis, it is found 
that the supplemented ration produces greater gains than the unsup¬ 
plemented ration, then the biological value of the same rations 
containing the same percentage of nitrogen is determined. By this 
means the greater gain in weight is supported by nitrogen utilization 
figures and definite conclusions can be arrived at. No difference in 
growth response in the paired feeding test signifies no supplemen¬ 
tation and consequently nitrogen balain^e studies are conducted only 
in selected cases. 

Most of the plant proteins except sesameineal and cottonseed- 
meal have already been supplemented by some or other of the 
indispensible amino acids (Smuts and Marais, 19d9). Due to lack 
of direct information the same course as previously adopted, namely 
supplementation by the least expensive and most easily procurable 
amino acid, was followed. Consequently Kesamemeal and cottonseed- 
meal were each supplemented by f‘ystine and compared with the 
unsupplemented (;omponent in a paired feeding test. 

The supplementation of c*oprameaI with 0*20 per cent, cystine 
showed no impi'ovement in gains in weight over the unsupplemented 
coprameal ration (Smuts and Marais, 19d0). It was therefore decided 
to test the inclusion of another iiidispetisible amino acid namely 
lysine in a ration of whi(;h the nitrogen consisted entirely of copra- 
meal protein. 

Previous attempts (Smuts and Marais, 1938) to establish the 
nature of the amino acid deficiency of peanutineal proved unsuccess¬ 
ful. The addition of tryptophane, lysine and (‘ystine produced no 
significant response in growth. Five out of the six pairs of rats 
showed greater gains in weight, ;kvheii cystine was added to the 
peanut ration. The magnitude of these gains was, how'ever, too small 
to establish significance. Beach and White (1937) us well as Baern- 
stein produced evidence that arachin, which constitutes four-fifths 
of the entire globulin of peanut, is deficient in methionine. On 
the other band the remaining fraction of the peanut globulin, namely 
conarachin is, according to the latter author, an excellent protein 
for growth. It contains* apparently sufficient methionine since i* 
compares favourably with casein in growth-promoting properties. 
Kotasthane and Narayana (1937) conclude that peanutmeaf compares 
better with milk proteins than soyabeans. All these contributions 
point strongly to a methionine deficiency in peanutineal. In fa<*t 
the evidence seemed so convincing that in a previous paper we 
assumed methionine to be the indispensible amino acid of peanut- 
meal. In order to verify our assumption, it was decided to supple¬ 
ment ])eamitmea] with methionine. 

Both soyabeanmeal and linseedmeal have been found to be 
deficient in cystine. These results were established by the paired 
feeding method as well as by nitrogen balance studies (Smuts and 
Marais, 1938). However, it appeared that they may be deficient 
in a secondary amino acid. Consequently tryptophane was added 
to each of, these meals already supplemented by cystine. 
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Under practical conditions bran is considered an ex<*elleiit feed 
for a [most every tyjie of animal. From a scientific point of view, it 
seejiis as if this j*eneral expeiieuce is correct. The endosperm protein 
ajipears to be the least valuable, while the proteins of the embryo 
and aleurone «:tdls are the most valuable. Mitchell (1938) found 
that whole wheat imdudiiiK the epidermis or bran portion has a 
bioloj^ical value of (17 as compared with 52 for patent white flour 
of which the epidermis has been removed. Klein and associates 
has made a complete study of the whole wheat kernel. Jones (1937) 
in a study of the nutritional propeities oi Avheat proteins showed hy 
chemical analysis that the cystine, arj»:ijiine, histidine, lysine and 
tryptophane cf)nteni of hran proteins are hij^her than that of the 
endosperm proteins. He furthci showed hy feeding experiments 
that bran proteins gave a better growth with rats than white flour. 
Oshorne and Mendel (1919) state “ that wheat proteins considered 
in their entirety are ade<|uate for promoting normal growth if eaten 
in sutfi<‘ient amounts lly means of feeding experiments wheat 
has hecii found t(» be deficient in lysine. In order to ascertain, if 
bran is not prohahly deficient in lysine, this amino acid was added 
to a hran ration and its effetds on the growth of rats in paired feeding 
tests studied. 


Kxperimkntal. 

All ju’oteiu feeds were of commercial quality represent alive of 
those brands used in juactical feeding. These meals were finely 
ground and mixed with the rest of the ingredients of the experi¬ 
mental ration so as to give approximately 9 per cent, protein. The 
amino acids were carefully mixed uith the lest of the ration so as 
to ensure homogeneous distiihiition. The percentage composition of 
tlie rations is given in Table 1. 

The paired feeding method was utilized throughout these studies. 
I’lie nitrogen luilaiice sheet mctho<l of Mitchell was used f«u* the 
determination ot the biological values. Hats were paired according 
(4» age, sex, litter ami weight. Body weights were taken weekly ami 
the initial and final weights were the average of three consecutive 
wtMghings. 


Discussion of Exi’Erimental Results. 

In Table 2 is given the results on the paired feeding trial of 
Besameiueul and sesameiueal supidemeiited with ()-2 })er cent, cystine. 
In a comi)arison of the weekly gains, as shown in Table 3, rats on 
sesaiiiemeal supplemented by U'2 per cent, cystine gained 37 times 
and those on the uusupidemented ration, only 9 times out of the 48 
(^runparisons. 

The supplemented ration gained in total weight over the un¬ 
supplemented in 4 out of the 0 pairs of ruts. The mean gain 
between the six comijarisous is 23 and the standard deviation 19*8. 
The value of Z in this case becomes 1-2. Applying Student’s prob¬ 
ability table for Z^l-2 and N - 6, the probability that the increase 
in weight registered by the addition of cystine was a chance effect 
is 1 in 45. This result, therefore, indicates that the inclusion of 
cystine has enhanced the growth-promoting properties of sesame- 
meal. However, the crucial point is whether the inclusion of cystine 



Table 1. 

Percentage Composition of Rations. 
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has reiideretl the iiitrof^eD of sesumeiiieal more iitilizable for synthetic* 
]mrpose8. In Table 4 the data pertaining to tho biologieal value 
determination of seHameineal supplemented by eystine aie given. In 
a previous paper by Smuts and Malan (19^8) the biological value 
of sesamemeal at approximately the same level was determined and 
found t(» be 71. In Table 4 the bi<ilogical value of sesamemeal 
supplemented by cystine was determined and a value of «S0 obtained. 
Hence there was an increased nitrogen utilization of 9 per cent. This 
result, together with the paired feeding test, definitely establishes 
that the cystine addition to sesamemeal enhanced growth through a 
better utilization of the Besamemeal nitrogen. 

Table 3. 

A CovipariHon of the Weekly Gants hetireea Sesame and Sesame 
4-0*2 per cent. Cystine. 

Total per Week. 

Pair Pair Pair Pair , l*air ' Pair | _ 


1. 2. 3. 4. ; 6. ■ “ ■ 

I + ; - ' 

I _ I _ 

1 . - - o' « 0 

2 . -r I. - 2 :j . 1 

. - . ^ - I :* 0 

4 . - ^ - a 2 0 

) 

o. I - - 1 r» 0 

! 

0 . . 4 , - -- 1 fi 0 

7 . ' i ■ -r 

8 . • 1 U .i 1 


Total for Expt'riinent. 9 , 37 


i- liidieat€*8 greater gain by Sesame meal. 

• Indii'utes greater gain by »Se«ame meal 4- 0*2 jx'r m\t. (‘ystine. 
t Indicates equal gains. 


in the comparison of bran and bran sup])lemented by lysine, 
three pairs fav<»ur the bran ration and three the supplemented bran 
ration in total weight over the experimental period. In the weekly 
comparisons as shown in Table b the gains in weight are distributed 
almost equally amongst the two ctmiparisons. Judging superficially 
there appears to he no difference in growth l>etween the two com¬ 
parisons. This assumption is borne out by a statistical analysis of 
the data. The mean gain in w’ei^lit over the period of experimenta¬ 
tion is 2*5 and the standard deviation 11*3, giving a value of 0*21 
for Z. According to Student’s probability* table the odds are so small 
that chance alone may have brought about this result. Consequently, 
it must be concluded that the addition <d‘ Ivsinc to bran bud no 
effect on its prow^th-promoting properties and that it is not a limiting 
amino acid in bran pioteiu. 
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Tabpe 4. 

Biological Value of Sesame Meal +0-2 per cent. Cystine Ration, 
Nitrogen Metabolism Data and the Calculation of the Biological Value, 

X, Low Period, 
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Table 5. 

Compar^i^on hetween Whetit IJratt an*/ \\'hcftt l^rtin 4 - 0*2 per cent. Lysine. 
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THE AMINO ACID DEJf'lCtENCIES OF PLANT PKOTEtNS. 


In Table 7 the results of the paired feeding test on coprameal 
and coprameal supplemented by 0*2 per cent, lysine are reproduced. 
From the total gains in weight of the six pairs of rats, it will be 
seen that four of the G pairs showed a better gain on the sup]»leiuente(l 
ration. 

However, the magnitude of these gains are extremely small, so 
much so that no statistical significance could be established. The 
mean gain in weight is 0*66 and the standard deviation, 4*8, making 
the outcome of this test completely insignificant. Hence, under these 
conditions, it appears as if lysine is not a limiting factor of copra¬ 
meal. 

In Table 9 the total gains in weight of the comi)ari8on between 
peanutmeal and peanutmeal supplemented by methionine, are 
summarized. Four pairs favour the supplemented and two jiairs the 
unsupplemented ration in total, gains. By analysing the results 
statistically, it is found that the mean gain in weight is 8*8 and the 
standard deviation 6*2. The value of Z becomes 0’53. According to 
Student’s table of i)robability the iidds are approximately I in 
that chance alone may have brought about this result. On this basis 
it must l>e concluded that methionine addition did not contribute 
anything to the growth-promoting properties of peanutmeal. 

It is interesting in this respect to refer to a ])revious pubiillation 
by Smuts and Marais (1938) where peanutmeal was supplemented 
with cystine. In that case, although 5 out of the 6 pairs favoured 
the cystine supplementation, the magnitude of the gains was so 
small that the outcome was completely insignificant. These results 
would seem to indicate that peanutmeal contains enough cystine and 
methionine or methionine alone for the#growth of the white rat. This 
would mean that while the greater portion of the globulin in peanut 
is deficient in methionine, the rest of the protein fraction is capable 
of supplying the needs of this amino acid for the growth of the rat. 

On the other hand, it may be equally possible that minute quanti¬ 
ties of methionine such as is present for instance in the coiiarachin 
fraction of peanuts, are sufficient in the presence of adequate c^vstine 
to promote normal growth, tinder these conditions, it miist be 
assumed that cystine can replace a certain portion of methionine in 
the process of anabolism. 

Cottonseed gave the highest biological value of the natural plant 
proteins thus far investigated (Smuts and Malan, 1938). The 
indications are that in all probability, it is not seriously lacking in 
any particular indispensihle amino acid. Nevertheless the effect of 
cystine supplementation was studied. The results on total gains and 
weekly gains are given in Tables 11 and 12. 
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Tabi.£ 9. 

Comparison hettoeen Peanut Me-al and Peannt Meal +0-2 per cent. Methionine. 
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Tabi.k 11. 

Comparison hetiveeu i'ottonseed and f-^ottonsred 4 - 0*2 per cent. Cystine. 


J. S. C. MAllAIS AND D. B. SMUTS. 
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Biological Value of Cottonseed +0-2 per cent. Cystine Ration, 
Nitrogen Metabolism Bata and the Calculation of the Biological Value, 

N, jLow Period. 
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Tabi.e 14. 

Comparison between Soyabeans 4-0*2 per cent. Cystine and Soyabeans 
-h 0'2 per cent. Cystine 4-0*15 per cent. Tryptophane.. 
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Out of the six pairs in the comparison four showed an increased 
weii?ht on the supplemented ration. The mean difference in total 
weight is equal to 9-6) and the standard deviation 10-2, giving a 
value equal to 0*94. The odds that the increase in weight was due to 
the cystine supplementation are 22 to 1. Consequently it must be 
contduded that the addition of cystine to cottonseed meal had no 
effect on the grow'th-promoting properties of the latter. In Table 13 
the biological value of cottonseedmeal x)lus cystine was determined. 
As will be seen from these figures an average value of tS4 was obtained. 
In a previous paper Smuts and Malan (1938; found a biological value 
for cottonseedineal at approximately the same level of intake of 81. 
These two values are very nearly the same with no apparent 
significant difference in the nitrogen utilization. It ap]>ears there¬ 
fore as if cystine is not a limiting amino acid in cottonseed protein. 

Both soyabeans and linseedmeal have previously been found to 
b(‘ deficient in cystine. (Consequently the possibility of a secomlary 
amino acid deficiency was tested out. Both these protein feeds were 
theref<ue supplemented by tryptophane in addition to cystine and 
compared with the cystine supplementation. The results on soyabeans 
are given in Table 14 and lo and that of linseedmeal in Tables Ifi 
and 17. In neither case di<L the tryptophane addition enham*e the 
growth promoting properties. In fact with linseedmeal the 
tryptophane addition had, if anything, a slight depressing effect. 


SrMMAKY .\.ND (CONCLUSIONS. 

By means of paired feeding tests, it has been shown that 
sesamenieal is defi(‘ient in cystine and that cottonseedmeal is not 
deficient in this amino acid. Bran and coprameal are apparently 
not deficient in lysine, while the suppleiiieiitation of peaiiutmeal 
with methionine did not enhance its growth-promoting properties. 
Tryptophane does not appear to be a secondary amino acid deficiency 
in either soyabeans or linseedmeal. 

By means of nitrogen balaiif*e studies, it was sliowii that the 
increased weights obtained by the supplementation of sesamemeal 
with cystine are due to a better utilization of the sesamemeal nitrogen. 
The unsupideinented biological value previously determined by Smuts 
and Malan was 71 and the suppdementecl biological value as 
determined in this paper 80. In thecase of cottonseed supplemented 
by cystine, the biological value of 84 is only slightly higher than SI, 
and does not signify a significantly better utilizaticm of nitrogen 
of the 8ux>plemented over the iinsuppleniented cottonseedmeal. 
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The Dry Matter Consumption of Sheep on 
Natural Grazing in the Transvaal. 


By 1). B. SMUTS ami .1. S. C. MARAIS, Section of Nutrition, 

Onderstepoort. 


Onk of the major probleins with which the sheep and cattle industry 
of the summer rainfall areas is continually confronted, is the 
treiueudous loss in weight of animals duriii*^ the w^inter months. 
This progressive decline in weight becomes even more complicated, 
when it is realized that the prevailing phosphorus deficiency of the 
pasture during winter is not exclusively responsible for this abnormal 
phenomenon of weight reduction. In fact it has been shown on 
numerous occasions that the administration of phosphates or phos- 
phatic licks alone does not remedy this condition. It would, there¬ 
fore, appear as if the whole question of Aveight loss is either due to 
a complex nutritional deficiency or to an inadequate food consump¬ 
tion which may be associated with the fibrous and highly lignified 
state of the winter pasture. However, these assumptions are at 
present mere speculations and cun only be settled one way or another 
by a systematic analysis of the entire problem as it appeal's in prac¬ 
tice. It is also clear, that w'hatever method of attack is employed, 
one common and iusurmountuble factor, namely, the estimation of 
the amount of grazing <*oiisumed per day, remains an obstacle in the 
ultimate and final solution of this very important economic problem. 
Thus to show' conclusively and in a scientific manner that either 
protein, phosphorus, energy or the entire (lomplex is deficient in 
winter grazing, it seems imperative that the amount of grazing con¬ 
sumed, the quantities of these elements present as well as their 
utilizability by the animal, should be knowm. On this basis alone 
can the magnitude of such a deficiency be determined and scien¬ 
tifically rectified. Other methods of establishing nutritional 
deficiencies, such as differences in gain in weight betw^een supple¬ 
mented and unsupplemented rations or changes in the chemical com¬ 
position of the blood or tissues, merely indicate the possibility that 
such a deficiency exists, but neglect the basic information of total 
intake and utilizability without w^hich scientific and economic supple¬ 
mentation of the deficient element become mere approximation. 

Apparently little attentipn has been given to this aspect of work 
in the past. Recently, however, Oarrigus and Rusk have measured 
the dry matter consumption of steers on reed canary and brome 
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grasses. Their method consisted in determining the daily dry matter 
of the faeces voided and the percentage digestibility of the dry 
matter of these grasses. From these figures they could then calculate 
the dry matter consumed by their animals. Woodman and Evans 
on the other hand utilized the organic matter of the faeces and the 
percentage digestibility of the latter elements to measure the grass 
consumption of their sheep. We have adopted the method of 
Garrigus and Uusk for our work. 


Expkuimental. 

The experiment to be described was conducted at the Ermelo 
Experimental Station. The general conditions at this station in 
respect of rainfall, growth of pasture and seasonal fluctuations in 
protein content of the natural flora are fairly representative of the 
entire Transvaal. Twenty sheep beloni^ing to a grazing flock were 
utilized for this work. In order to maintain the natural conditions 
of grazing, these sheep were not separated from the rest of the flock. 
At the start of each collection period, specially consti-ucted metabolism 
bags, which fitted tightly round the hindquarters of the sheep, were 
put on to each sheep tw'o days prior to the actual collection. This 
preliminary period was essential to accustom the sheep to the meta* 
holism bags and prevent unusual restlessness. After this preliminary 
period the sheep did not seem to take any notice of the metabolism 
bags and grazed about normally. The collection period proper was 
then started. The metabolism bags were put on early in the 
morning and changed during the late afternoon. Ifor the purpose of 
changing the metabolism bags a temporary camp consisting of wire 
netting fixed to a few poles was constructed in the corner of the 
existing camp. The flock was then grazed slowly towards this 
temporary camp, and interned. With the help of two native 
assistants the experimental sheep urere carefully separated from the 
rest of the flock and the metabolism bags removed, while others 
were immediately put on. As soon as all the bags were changed, 
the wire netting constituting the temporary camp was let down and 
the sheep allow^ed to graze. The metabolism bags containing the 
faeces were removed to the laboratory, where the faeces were spread 
out and allowed to sun-dry. The daily sun-dried faqces were then 
carefully weighed and 10 per cent, aliquots taken and stored in air¬ 
tight fruit jars. Total dr^ matter was then determined on a repre¬ 
sentative sample of the entire 10 days' aliquot. During the 10 days' 
collection period representative grazing was cut by following the 
grazing sheep. ^ This grass was utilized for the metabolism studies 
and the determination of the digestibility of the dry matter. From 
the daily dry matter of the faeces and the digestibility of the dry 
matter the dry matter consumption was calculated. 

Collection periods were so arranged as to take place during 
the different seasons of the year. Hence collections took place during 
J^anuary, April, July and October. In this way it was anticipated 
to obtain information on the plausibility of the assumption that sheep 
consume comparatively more grazing during summer than during 
tha winter months. 
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ExFEKIMEHTAL ItESULTS. 

In Table 1 is ffiven the percentage digestibility of the dry matter 
of the grazing during the different seasons of the year. It 
will be noted from the data presented in the above table, that there 
is very little variation amongst the individual digestibility figures 
of the same period. Consequently it is only fair to assume that the 
average digest ihilit}'^ for the different periods is also representative 
of the natural grazing during those seasons of the year. On this 
basis, therefore, the mean dry matter digestibility of each period was 
utilized for the ultimate calculation of the dry matter consumed from 
the dry matter contained in the faeces. 

It is interesting to note that during July, when the grazing is 
dry, fibrous and highly lignified, the protein content drops as low 
as 3*1 per cent. During this period the digestibility of the dry 
matter of the grazing also reaches its lowest level, namely 43 per cent. 
With the first summer rains and the beginning of the growing stage 
in October, the protein content of the natural flora increases rapidly 
to approximately per cent. There is also a corresponding increase 
in the percentage digestibility of the dry matter during this month. 
During January there is apparently very litth* difference in the 
digestibility of the dry matter in comparison with that of October. 
The average figures are 58 anil 00 respeelively. As soon as winter 
conditions set in and the grazing becomes dry as happens in April, 
there is again a decided droj) in both the protein content and the 
digestibility of the dry matter. The average percentage digesti¬ 
bility of 40 per cent, corresponds closely with the figure obtained 
during July. 

In Tables 2. 3, 4 and 5 are reproduced the results relative to 
the calculation of the dry matter consumption of sheep during the 
different seasons of the year. 

Several interesting points arise from a detailed consideration of 
the data. Thus it will he noticed, that the average daily weight of 
the sheej) increases or decreases according to the protein content of the 
pasture and the sea.son of the year. During the middle of winter as 
represented by our July figures the protein content of the pasture as 
well as the average weight of the imimals are the lowest for the year. 
When the nitrogen content im’reases from 0 49 per cent, in July to 
1*44 per cent, in October, there is also a corresponding increase in 
weight from 28 Egms. to 33 Egms. In January the nitrogen content 
i.s still fairly high and averages 1-17 per cent. The average weight 
of the sheep is at its best during this month and averages 40 Kgms. 
From January onwards the grazing matures fairly fast, so much so 
that the nitropen content drops to 0-73 per cent, in April. This 
decided drop in nitrogen also reflects on the weight of the sheep. 
There is consequently a noticeable drop in w'eight lo 39 Egms. 
during April. 

Another interesting feature is the fact that the dry matter 
excretion on grazing does not seem to bear any relation to the con¬ 
dition, stage of growth or to the seasonal fluctuations in protein 
content of the pasture. During October when the first blades of 
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ffreen grass appear and the pasture can therefore be assumed to be 
in its most p^atable stage, the dir matter excretion is less than in 
July. The average figures for the two months are 324 and 370 
grams respectively. Similarly the dry matter excretion during the 
more advanced state of maturity in April is higher than during 
January. In April the daily'dry inatter excretion is 465 grams daily, 
while it is only 363 grams in January. 

A point of practical importance is the apparent relationship 
between dry matter consumption and the live weight of the animals. 
In July, when the average daily weight of the sheep was 28 Kgms. 
the dry matter consumption was at its lowest, namely 649 grams. 
As these sheep increased in weight to 33 Kgms. in October, the dry 
matter consumption also increased to 718 grams daily. In January, 
when the maximum average weight was attained, it was accompanied 
by a maximum dry matter consumption of 907 grams. During April 
the average weight of the sheep fell to 39 Eguis. This decrease in 
weight was associated with a corresponding decrease in dry matter 
consumption. These figures strongly indicated that the dry matter 
consumption of an animal may be related to body weight, power 
function of weight or surface area, in the same way as the main¬ 
tenance protein requirement or the basal metabolism. On this basis 
the dry matter consumption for the different periods of measurement 
was expressed per kilogram body weight and per square meter of 
body surface as illustrated in columns 14 and 15 of the respetdive 
tables. In the latter case the surface area was calculated from jihe 
formula of Pierce and Linas namely, 8= *121 W**®. There is indeed 
very little difference between the average value for the different 
periods, when expressed in this manner. In July' the average dry 
matter consumption per Kg. is 23*4 gram and 748 grms. per s.ni. 
For October the average values are 23-7 and 823 grams. For 
January and April the values per Kg. are 22*7 and 22*2 and per sq. 
m. 840 and 823 grams respectively! The coefficient of variation 
never exceeds the 12 per cent, mark in any of the periods. 

Kleiber concludes that as a working hypothesis the inaximiun 
food capacity of an animal can be regarded as a similar function of 
its weight as the basal metabolism. He further shows that the basal 
metabolism of different species of animals can best be related to the 
I power function of its weight. On this basis he evolved the follow¬ 
ing general equation B = 72W* for calculating the basal metabolism 
of different species of animals. 

We have adopted the Kleiber equation for relating dry matter 
consumption to body weight. The equation now reads DM=:kW* 
where DM equals the dry matter in grams, k the constant varying in 
all probability with different conditions and W the weight in kilo¬ 
grams. 

On this basis the value of k was determined for each period from 
the measured dry matter consumption and the respective weights of 
the animals. In column 8 of the respective taUes the average con* 
stant for the different periods is given. Very significant is the fact 
that these constants for the different periods of measurement, repre¬ 
senting extreme pastoral conditions, are almost of the same 
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magnitude. Thus the constant obtained under July conditions is 54, 
for October 57, for January 66 and for April 55. By including the 
above constants in the Kleiber equation, the dry matter consumption 
was predicted from the weights of the animals and compared with 
the dry matter consumption actually determined in each period. In 
column 10 of the tables the percentage deviation has been calculated. 
From these figures it will be seen that the predicted figures agree 
extremely well with the determined values. The average percentage 
deviation in the July figures is ±9 per cent., in October ±9*8 per 
cent., in January ±8*8 per cent, and in April ±5 per cent. 

These small variations together with the fact that the constants 
of the individual periods are very similar, opened the possibility of 
utilizing a common constant, for the general prediction of the dry 
matter consumption of grazing sheep over the year. In this way 
the average of the four constants was applied to the Kleiber equation 
and the predicted results compared with the determined value. This 
formula now reads as follows DM = 56W^ where DM equals dry 
matter in grams, and W weight in kilograms. In (column 11 of ihe 
respective tables are given the predicted values of the daily dry 
matter consumption, according to the above formula. In column 12 
these values are compared with the determined values and the per¬ 
centage deviation determined. As w ill be seen the average percentage 
deviation in July is +11 per cent., in October +9*’5 per cent., in 
January ±8*8 per cent, and in April ±5*2 per cent. The average 
deviation from all the periods is only ±9 per cent. This deviation 
is extremely small w*hen compared with such biological constants as 
basal metabolism and the endogenous nitrogen. 


Discussion of Kesults. 

From the results of this investigation, it is evident that while 
the average daily dry consumption varies with the season of the year, 
and consequently w*ith the jirotein content of the pasture, it is 
extremely constant when expressed per unit of weight, per J power 
function of the weight or ])er sq. meter of body surface. From these 
data it would further appear as if the capacity for dry matter con¬ 
sumption is related in the same manner as the basal metabolism, to 
ihe surface area or J power function of the weight. This would 
mean, that there is no justification to assume that sheep eat juopor- 
tionately more per unit of w*eight of the summer grazing than of 
the winter grazing. In fact it appears as if the weight of the animal 
is the dominating factor and not the condition of the grazing. This 
interpretation would, therefore, favour the argument, that the loss 
in w’eight associated with winter grazing is definitely not due to the 
fact that sheep consume less w’inter grazing but justifies the view^ 
that the winter grazing is nutritionally inferior to the summer 
grazing. In other w'ords the nutritional deficiencies in the winter 
grazing are so great that the same quantity of winter grazing per 
unit of weight cannot satisfy the requirements of the animals in the 
same efficient manner as the summer grazing. It can therefore be 
regarded as an established fact, that the periodic decline in weight 
of animals during winter is associated with a deficiency of certain 
essential nutritive elements in the winter grazing. 
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From a scientific aspect it is interesting that the dry matter 
consumption under natural grazing conditions should be as closely 
correlated with the power function of the weight of an animal as the 
basal metabolism and endogenous nitrogen. The | power function 
of the weight of an animal is in all probability a very representative 
measure of the protoplasmic mass, which regulates the intensity of 
the basal metabolism as well as the endogenous nitrogen and may 
equally be responsible for the regulation of the appetite of an animal 
or in other words its feeding capacity. It is quite possible that both 
the basal metabolism and the endogenous nitrogen may be lowered 
during the winter months. In fact a few preliminary measurements 
of the endogenous nitrogen under conditions similar to those of the 
winter grazing conditions indicate strongly that such is the case. It 
can therefore readily be appreciated, that the lowered intensity of 
the protoplasmic reactions to conserve as far as is possible its own 
tissues, becomes a biological necessity. This natural condition of 
economic conservation, through a lowering of the intensity of the 
protoplasmic reactions may in all probability also be extended to the 
appetite or food capacity of the animal and indirectly to its live- 
weight. 

Whatever the explanation may be for this striking correlation 
between weight and dry matter consumption, it is nevertheless of 
practical importance that the dry matter consumption under grazing 
conditions can readily be calculated from the weight of the animals. 
Whether the established equation will hold true under all conditions 
of grazing, and which factors may influence its general applicability, 
is a pioblem of the future. However, for comi)arative purposes it is 
interesting to compare the results of Garrigus and Eusk and Wood¬ 
man and Evans obtained under quite different conditions. According 
to our formula a 100-pouiid sheep would eat 981 grams of dry matter. 
Woodman finds that a sheep of 131 pounds would consume approxi¬ 
mately 3-01 pounds of dry matter. *On the basis of a 100 lb., such 
a sheep would consume 1,044 grams of dry matter. Garrigus and 
Rusk finds that a 600-lb. steer would consume approximately 13 lb. 
dry matter which is equivalent to 989 grams per 100 lb. Our calcu¬ 
lated value of 981 grains per 100 lb. differs by 63 grams from Wood¬ 
man’s value and with 18 grams from the average value of Garrigus. 
It would therefore seem as if the relationship between dry matter 
consumption and weight holds good for steers as well *as sheep under 
unrestricted conditions of natural grazing. 


SuMMAHY AND CoNCLXTsiONS. 

From a study on the dry matter consumption of sheep under 
natural conditions of grazing, it is evident that the quantity con¬ 
sumed is not a factor in the loss of weight in sheep during winter. 
It appears from these data that the decline in weight is specifically 
due to a r^id depletion of nutritive elements from summer to winter 
grazing. It has further been shown that the dry matter consumption 
of sheep is correlated with the weight of the animals and that it can 
be predicted with success from the following equation DMa=66W^ 
where DM equals dry matter in grams and W weight in Kilograms. 
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Table 1. 

Digestibility of Dry Matter during Different Seasons of the Year, 
July, 1938—0*49 pee cent N. 


Animal No. 

i 

Weight. 1 

Dry Matter ! 
Intake. 

! 

Dry Matter 

In Faeces. 

• 

Digestibility 
of Dry Matter. 


Kilogram. 

( 

Grams. ) 

Grams. 

Per cent. 

J. 

46 

448 

257 

43 

2. 

45 ; 

426 

261 

39 

3. 

42 

431 

214 

.50 

4. 

60 

422 

237 

44 


42 

378 

224 

41 

Average. ! 

! -- } 

1 

— 

43 


October, 1938—1*44 per cent. 

N. 


38247. 

,56 i 

611 

246 

60 

49612. 1 

53 

723 

336 

.54 

38252. 

44 

470 1 

194 

59 

.38243. i 

48 

602 

2.53 

1 58 

39292. 1 

1 

52 

. .. 1 

622 

1 

263 

58 

Avekaijk. 1 


- 1 

— 

I 58 


.January, 1939—1*17 per cent. N. 


38248. 

.32 ! 

515 

211 

59 


49612. 

52 1 

660 

382 

56 


38262. 

42 

573 

225 

61 


38240. 

44 

692 

260 

62 


38000. 

45 1 

469 

171 

64 


Average. 

-- .. 1 - 

— 

_ ! 

60 









April, 1939—0’73 per cent. N. 



38248. 

43 1 

1 

430 ' 

218 

49 


49612. 

46 ! 

455 

240 

47 


38252. 

41 

427 

240 1 

44 


38240. 

41 

454 

247 

46 


38249. 

40 ; 

i 

326 

179 1 

45 


Avebaob. 

- 1 


- 1 

46 
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The Utilization by Sheep of the Proteins con¬ 
tained in the Natural Grazing during 
Different Seasons of the Year. 


By D. B. SMUTS and J. S. C. MARAIS, Section of Nutrition, 

Onderstepoort. 


In a previous jiaper we have shown that the dry matter nonsump- 
tion of sheep on natural KrazinfiT during different seasons of the year 
is very constant when expressed per f power fum^tion of the weight. 
On this basis it was (*oiu*luded that the phenomenon of weight reduc¬ 
tion in sheep during the winter months is not due to a lowered dry 
matter (*oustimptiou per unit of weight, but in all probability to the 
nutritional state of the winter pasture. In fact it seems fairly reason¬ 
able to assume that this depleted nutritional state of winter grazing 
may involve nutritional deficiencies of a complex nature, and that 
the magnitude of these deficiencies determines the extent of weight 
loss in animals. Existing evidence strongly suggests the latter point 
of view. It is by now we'll established that phosphorus is deficient in 
winter pasture. However, the addition of phosphorus alone does not 
remedy the condition of weight loss during winter. This condition 
alone affords c<mfirinatory evidence of the possibility of additional 
nutritional deficiencies. Working on the hypothesis that other defi¬ 
ciencies apart from phosphorus exist in winter grazing, it was decided 
to investigate the possibility of an existing protein deficiency. 

It is clear, however, that the c|uestion of a protein deficiency 
can only be settled by a systematic analysis of the entire problem. In 
other words, definite knowledge must be available on (I) the seasonal 
protein content of the pasture, (2) the c|uantity of pasture c*onsumed 
daily, (3) the biological utilization of the protein in the pasture 
during different seasons of the year and (4) the maintenance protein 
requirements of the animals. It is only when these factors are known 
that a final and conclusive verdict on the question of a protein short¬ 
age can be given. An extensive survey on the chemic*al c*omposition 
of the pastures in the Union of South Africa has been inaugurated 
in 1932 and now concluded (1939). This report includes a detailed 
monthly analysis of the protein content of pastures over the Union. 
Furthermore the dry matter consumption as well as the maintenance 
protein requirements of sheep have previously been determined by the 
authors (1938-39). In this study attention is therefore exclusively 
given to the third requirement^ namely the biological utilization of 
the proteins of the pasture during the different seasons of the year. 
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Very little work has apparently been done on the biological 
value of grazing. Thus far the majority of investigations dealing 
with the protein utilization of grasses or grazing consist almost 
exclusively of nitrogen balances, and can therefore not be compared 
with the biological values obtained in this study. Sotola (1930) has 
determined the biological value of alfalfa hay, corn silage and sun¬ 
flower silage with sheep. The average values for the respective feeds 
were 56, 94 and 67. Turk, Morrison and Maynard (1934) found a 
much higher biological value for lucerne hay. Their values for lucerne 
hay and clover hay were 79 and 81 revspectively. Smuts and Marais 
found an average value of 59 for lucerne hay with sheep. This value 
agrees exceptionally well with that of Sotola. The work of Morris, 
Wright and Fowler (1936) on cattle is probably more directly related 
to this study. They determined the bioilogical values of the proteins 
contained in autumn and spring grass. Their values were 76-5 for 
the first type of grass and 63 for the latter. It is also evident from 
their work that there is no difference in the biological values of dry 
or green grass of the same season. Bartless and co-workers (1938) 
studied the effect of the different methods of drying on the biological 
values of grass proteins.^ They found that the highest biological 
value, namely 67, is associated with a drying temperature of 300^ F. 
At a temperature of 170^ F. the biological value drops to 62. It is 
also clear from the work of the above authors that the quality of 
the proteins of grass allowed to sun-dry is decidedly diminished 
since the biological value under these conditions drops to 52. 

Experimental. 

Representative grazing cut during different seasons of the yeai, 
was utilized for these metabolism experiments. The grass was fed 
to five merino whethers under controlled experimental conditions. 
These sheep were first put on a nitrogen low diet, the composition 
of which was given previously, and* then on a collection period 
of 10 days on the same ration. After this they were fed the grass 
for a preliminary period of 10 days, and then subjected to a collec¬ 
tion period of the same duration. Grazing was fed without an^ 
form of supplementation except minerals to which sheep had free 
access under practical grazing conditions. It was realized that the 
present conditions of experimentation would not afford a true measure 
of the actual biological value of the protein contained in the respec¬ 
tive seasonal grazings, since portion of the protein may be catabolized 
for energy purposes. However the main object in this^ investigation 
was to obtain a detailed picture of the biological utilization of the 
protein under the prevailing pastoral condition^. 

Experimental Results. 

In Table 1 are given the metabolism data on the natural grazing 
obtained during the. different seasons of the year. The metabolic 
faecal nitrogen and the endogenous nitrogen values are representative 
of the nitrogen low period. These values represent the daily unavoid¬ 
able nitrogen contribution of the body and do therefore not form an 
integral part of the undigested or unutilized portion of the grass 
protein. 
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UTILIZATION BY SHEEP OF PROTEINS IN PASTURES. 


During July, when the nitrogen content of the grazing is as low 
as 0-49 per cent., the total intake of this element is comparatively 
speaking also very low. The total intake of nitrogen for the five sheep 
varies from 2*39 to 2*01 grams per day. Except for sheep 3, the 
nitrogen excretion in the faeces is in every case greater than the 
nitrogen intake. Superficially these values would indicate that none 
of the i^rass protein is digested as illustrated under the apparent 
digestibility. However, if that portion of the faecal nitrogen, arising 
from the body is subtracted from the total faecal nitrogen, it will be 
seen that in reality 77 per cent, of the protein contained in the 
grazing during July is digested. 

Schneider has shown that the metabolic faecal nitrogen consists 
of two portions, namely that which is proportional to the dry matter 
intake and a second portion which is dependent on the weight or in 
other words of endogenous nature. The second portion would, there* 
fore, become more prominent under submaintenance conditions as 
is reflected in practice on grazing during the winter. Due to the 
relatively low intake of protein during the winter months, the meta¬ 
bolic faecal nitrogen becomes more prominent, and makes up a larger 
proportion of the total faecal nitrogen than during summer conditions, 
when the piotein intake exceeds the maintenance requirements. 

Sheep under winter conditions of grazing as represented by our 
July figures utilize the absorbed nitrogen with great efficiency as 
shown by the biological value of 83. This can be expected since these 
animals are definitely on a very low level of protein intake. The 
absorbed nitrogen is in most cases insufficient to supply the daily 
unavoidable losses of the body resulting from the endogenous proto- 

f )lasmic activity. The result is that these sheep are continuously 
abouring under a complete negative nitrogen balance, as indicated 
in the Table. 

'When grazing conditions improve in the early summer with 
the cpming of the first rains,^ the nitrogen content of the pasture 
responds immediately and attains an average value of 1*44 per cent., 
as shown by the October figures. Concomitant with this marked 
improvement in the protein content of the pasture there is also an 
equally marked change in the nitrogen metabolism of the sheep. The 
total nitrogen intake increases from approximately 2*3 ^rams in July 
to approximately 9*2 grams in October. The apparent digestibility 
during the inonth is 60 and the true digestibility 85 The absorbed 
nitrogen available for utilization is now about,five times as great as 
during July conditions; and very decidedly above the maintenance 
requirement of the animals. Consequently the nitrogen is not utilized 
with such efficiency as during July, when the level of intake was very 
much lower and a protein shortage existed. The biological value 
obtained under October conditions is 60, which is not comparable 
to that of July, due to the difference in level of protein intake. How¬ 
ever, it is dear that sheep during this season of the year is in a 
complete uositiye nitrogen balance. In fact it is doubtful if mature 
sheep could utilize a higher level of intake than that of October 
grazing to any greater advantage. 
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During January the nitrogen content of the pasture which has 
reached a more advanced state of growth has dropped to 1*17 per 
cent. This intake of nitrogen is, as will be seen from the metabolism 
data, adequate for the normal protein requirements of adult merino 
sheep. The protein (‘ontained in the grazing during this month is 
digested to the same extent as that of October. The average apparent 
digestibility 51 and the true digestibility 88. Due to the slight 
decrease in protein content of the January pasture in comparison with 
that of October, there is naturally a more efficient utilization of the 
element during January. The average biological value is 74, com 
pared with G2 during October. 

In April, when the grazing has almost approached the winter 
state, its nitrogen content has dropped rapidly and averages 0*78 
per cent. Nevertheless it is still sllightly better than the July graz¬ 
ing, wdiich represents grazing conditions during mid-winter. During 
April the total faecal nitrogen very nearly approaches that of the 
total nitrogen intake. The apparent digestibility of 12 per cent, is, 
however, still better than the 2 per cent, obtained under July condi¬ 
tions. It is evident that under April conditions of grazing, the 
protein intake has again dropped below maintenance level. 
Consequently efficient utilization is made of the meagre quantities of 
absorbed nitrogen, as is witnessed by the average biologic^al value of 
82 obtained for that period. As would be expected from the analysis 
of the metabolism data, sheep are definitely in a negative nitmgeu 
balance. 


Discussion. 

A few points of practical and scientific interest arise from a 
consideration of the data. Firstly there appears to be a striking 
correlation between the nitrogen content of the pasture, the appar¬ 
ent digestibility and the biological value. In the former case the 
relationship appears to be direct or linear, while in the latter case the 
biological value appears to be inversely related to the protein content. 
Thus with a nitrogen content of 0*49 per cent., the apparent digest¬ 
ibility is 2 per cent, ond the biological value 83. With a nitrogen 
content of 0*79 per cent., the apparent digestibility is 12 per cent, 
and the biological value 82. In January the nitrogen content is 1*17, 
the apparent digestibility 61 and the biological value 74, while these 
figures in the above order is 1*44 per cent., 60 per cent, and 62 for 
October. From this relationship it appears {>ossible to arrive at 
average figures for digestibility and biological value, if the protein 
content of the pasture is known. 

Secondly it is interesting to note that during periods when the 
protein content of the grazing is low, the metabolic faecal nitrogen 
represents a greater proportion of the total faecal nitrogen than 
during periods of higher protein intake. It is believed that the 
endogenous portion of the metabolic faecal nitrogen, which is assumed 
to be constant per unit of weight, becomes more evident, as Schneider 
has shown under submaintenance conditions. 

Thirdly, it is evident from the metabolism data, that although 
sheep utilize the protein of the grazing in April and July with great 
efficiency, the total intake of this element is nevertheless inadequate 
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to supply the maintenance needs of mature sheep. From October to 
January, however, there is no shortage of protein in the pasture. In 
fact the grazing during these months supply ample protein for main¬ 
tenance and growth. From a practical animal husbandry point of view 
it is, therefore, essential that the protein deficiency prevallent in the 
grazing from April to September be scientifically and economically 
rectified. 


Summary and Conclusions. 

By means of controlled metabolism experiments it was shown 
that the biological value of the proteins in the natural grazing of the 
Transvaal varies according to the season of the year. During April 
the average biological value is 82, and during July the value obtained 
is 83. When the nitrogen content of the pasture increases, the 
biological value decreases. In October the average biological value is 
62, and in January 74. 

It has been shown by means of the above data that there is a 
protein deficiency in the pasture during the entire winter, starting 
in April and concluding round about August or September. 
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11.—The Carotene Content of Some South 
African Feeds. 


By S. J. MYBIIHGH, Section of Biochemistry, Onderstepoort. 


In u previous publication (1935), it was slated, that a Vitamin-A 
deficiency probably exists under raiH'hinj;^ conditions duriniiC the dry 
periods of the year in South Africa. There are indications of such 
a defi(;iency due to the low carotene (‘ontent of some mature veld 
grasses, which were analyzed. To test the existence of such a short- 
apre, it was considered important that analyses of jrrass samples from 
the veld or under veld conditions, be carried out. 

Since the preservation and conservation of f^rass hays for the 
feedinj^* of animals in the dry periods in the summer-rainfall areas 
is not a general practice, the cattle on ranches have to seek their 
fe<‘d on the veld. Due, probably, to hifrh temperatures in the summer 
and even in autumn, pasture grasses become mature very soon and 
the result is a rapid decline in the carotene content of even the best 
nutritional grasses. 

Hart and Guilbert (1933) have found that, under rauchinfr con¬ 
ditions in California, cattle suffer from a Vitarain-A deficiency durinj? 
the dry spells. When the dry seasons were unusually prolonj^ed the 
result was not only an actual shortage of carotene intake, but as a 
result poor growth, failure in reproduction, abortions, weak and sickly 
offspring amongst range cattle. Experimentally these facts were 
established by them in their classical work (1937) on cattle, swine 
and sheep, on low levels of Vitamin-A in rations. Minimum daily 
requirements were thus found and given as 25-30 micrograms carotene 
per Kilogram body weight. Excellent growth could still be obtained 
at these low levels of carotene (or Vitamin A), intake, but the storage 
over a long period was small. 

An excellent study can thus be carried out in conjunction with 
a genera] survey of South African veld grasses, and valuable infor¬ 
mation so obtained, concerning the carotene content of our well- 
known grasses as an indication of a deficiency that may or may not 
exist. 

The years 1932 and 1933 were exceedingly dry periods with no 
rain for months to bring about the onset of new growth of grass. 
During June, July, and August, 1932, there w-as no rain at all, 
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and again May (June, 0*23 inches), July, August, September, and 
October, 1933, were dry months. XJnluckily this work was begun 
only in 1935 and thus a very important period was missed. It is 
hoped that with the occurrence of such a period again, the necessary 
information will be obtained. 

To obtain, as preliminary work, an indication of the carotene 
content of some important and indigenous grasses, the writer decided 
to cut from established experimental plots, monthly samples and 
analyse them. These grasses when once established, were left to 
grow under natural climatic conditions. 

The plots referred to here are described in detail by J. G. 
Louw (1938) and the grasses selected for monthly cuttings over the 
period of a year were: Chloris gayana, Digitaria eriantha variety 
Stolonifera, Cenchrus ciliaris^ EragroHis plana, Panicurn mmrimuin 
and Setaria lindenhergiana. 

Furthermore, a second series of analyses earned out on samples 
of grasses cut on experimental plots at Onderstepoort, at periods of 
one month, two months, three months and four months. The grasses 
in question were five in all, namely Chloris gayana, Setaria linden- 
herginana, Cenchrus ciliaris, Digitaria pentzii Pretoria Small, and 
Pafiicum maximum. The cutting of these grasses was really intended 
to obtain information on The Influence of Frequency of Cutting 
on the Yield of Dry Matter (see J. G. Louw, 1938). 

These grasses, therefore, represent various growth stages up to 
four months for Ihe season January to April (inclusive), 1936. 
Lastly, air dried samples of grasses, cut on the veld at monthly inter¬ 
vals and sent in from the experimental farms Armoedsvlakte, 
Vryburg (Bechuanaland) and Nooitgedacht, (highveld, Transvaal) 
were analysed. These samples were cut for analysis during the 
period August, 1935, to August, 1936, and analysed shortly after 
cutting. It is hoped to pumish values for the carotene content of 
veldgrass samples for these areas for further periods up to date in 
the near future. 


Experimental. 

Samples for analyses were cut from selected experimental plots 
and a central position was chosen for cutting. Care, was taken, that 
samples were not cut at the same spots where previous monthly 
cuttings had been made. In other words, a new position on each 
plot was selected for each monthly cutting. Thus the effect of cutting 
on the carotene content was eliminated. The fresh grass was imme¬ 
diately bottled in closed jars and analysed soon afterwards in the 
laboratory. Moisture determinations were made on the fresh grass 
by weighing in closed jars, before and after drying at 103^ 0. Fresh 
green grasses could be analysed without milling or any pretreatment, 
except that of cutting into small bits. Old, dry and mature grasses 
were firstly milled and sampled for analyses. All values for caro¬ 
tene are given in ihe tables, as well as moisture values where neces¬ 
sary, and meteorological data for the periods concerned. 
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Method and Technique of Analyses for Carotene. 

The method employed is the same as that previously adopted by 
the author (1935) and advocated by Guilbert (1934), except for a 
minor modification. After the extraction and saponification of the 
fat soluble pigments with alcoholic potash, the writer re-extracted 
the alcoholic extracts with petroleum ether instead of with ethyl- 
ether. This simplified the procedure considerably. 

The standard for colorimetric comparison was the Dye-Standard 
of Guilbert, where 1 litre of the dye solution represented 2*4 mg. 
carol ene. 


Discussion. 

As previously indicated by the writer (1935), there is a decrease 
in carotene for pasture grass samples in the veld or for established 
grasses on plots during the dry months (winter) and this is especiaDy 
marked in late winter. This fact can be clearly seen by studying 
Table VII and Table VIIJ, where values are given for veld grasses 
from the experimental farms at Vryburg and Ermelo. Kather dry 
winters were expeiienced during the years 1935 and 1936 as can 
be gathered from Table IX. 

Calculating the average daily intake of carotene tor cattle on the 
basis given by Guilbert (1937), namely 25 micrograms per Kilogram 
body weight and furtheimore, assuming that an 800 lbs. bovine 
(consumed on an average 15 lbs. dry weight of hay daily, we find 
that a deficiency of carotene existed for the diy months of Tune, 
July, August, and September, (1935 and 1936). This deficiency is 
bused on the formula of Guilbert according to which the animal 
requires 9 milligram carotene per day to prevent the onset of (dinical 
symptoms. Substantially more carotene would be necessary to build 
up a reserve and this the uninuil is able to do during the summer 
months. On the other hand depletion of carotene takes place very 
rapidly. Guilbert (1935) gives the daily withdrawals from storage 
as from 9 to 11 micrograms per Kilogram body w’eight. In compari¬ 
son wdth 1935 and 1936 on the other hand, the years 1938 and 1939 
were good years with substantial falls of rain even as late as May 
and July, 1939. Accordingly, the values for the season August, 
1938, to August, 1939, for which reference should be made to Table 
I or I (fl), were exceptionally high, and taken on an average there 
existed no deficiency for the six grasses analysed. Some of the 
individual grasses did show a markedly serious fall in carotene 
verging on the critical value to prevent clinical symptoms, in the 
late w’inter of 1938. This was largely due to a fairly diy spell 
from May until September when only small average rainfalls took 
place. Some types of grasses, as for instance Chloris yayana will 
sprout in winter even wdth little rain w’hereas Panicum maximum 
rarely does, and thus new growth is accompanied by an increase in 
Carotene. It is anticipated that, during the seasons when the rainfall 
is low and the hot weather hastens the maturing of the veld grasses, 
a prolonged dry spell starting with winter would result in a likely 
shortage of Vitamin A, if not in a serious deficiency in the summer- 
rainfall areas. 
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Table 1. 

Carotene Content of (rrasses cut monthly from Eieperimental Plots {Onderstepoort). 
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Table III. 

Meteorological Data — Understepoort, Transvaal. 



Average 

Average 

Average 

Difference 

between 

Pate. 

Maximum 

Minimum 

Maximum 


xvainiaiit 

Temperature. 

Temperature. 

and Minimum 
Temperature. 


1938. 

(Inches). 

°F. 

®F. 

®F. 

January. 

S-62 

82*2 

69*7 

22>6 

February. 

2-56 

79*4 

58*8 

20*6 

March. 

1*24 

86*9 

62-2 

34*7 


2-94 

83*8 

48*0 

35*8 

0-30 

77*0 

38-6 

38*4 

June. 1 

019 

68*1 

35-6 

32-6 

July. 

0 

60*5 

.34*3 

26*2 

August. 

0*24 

66*6 

36*6 

30*0 

September. 

0*33 

74*9 

39*8 

35*1 

October... 

2-81 

82-6 

55*4 

27*1 

November. 

1*23 

86*7 

52*6 

34*1 

December. 

10*70 

84*4 

64*6 

29*9 

1939. 





January. 

5*24 

84*8 

57*4 

27*4 

February. 

8*82 

84*0 

58*2 

25*8 

March. 

2*76 

76*7 

48*6 

27*1 

April. 

BCay. 

0*07 

74*2 

44*2 

300 

2*54 

74*0 

.39*9 

34*1 

June. 

0 

68*5 

32*8 

35*7 

July. 

2*44 

66*4 

33*8 

31*6 

August. 

0*40 

70*2 

37*5 

32*7 


Table IV. 

Carotene Content of Plot Grasses cut from Experimental Plots, 
Onderstepoort, expressed as mg. Per cent Carotene on Dry Basis. 


Date of Analysis. 

1937. 

CMofis 

gayana, 

1 

Setaria 

linden^ 

bergiana. 

CenehruE 

ciUarie. 

DigUaria 
petUzii 
Pretoria j 
SmaU. 

Panicum 

maximum. 

1-Monthly Cuttings 6/1/36; 

2*36 

• ! 

3*00 

2*40 

1*86 

2*12 

4/2/36; 8/3/36; 5/4/36 






Cuttings 4/2/36; 

2*00 

1*71 

1*80 

1*50 

1*89 

6/4/36 (pooled) 

3-Montlily Cuttings 8/3/36... 

0*90 

1*74 

1*74 

1*20 

1*71 

4-M0ii^y Cuttings 6/4/36... 

0*85 

1*62 

1*33 

1*30 

1*20 
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Table V. 

Daily Intake of Carotene (nig.) for Cattle (^800 lb. Live-weight) 
cal minted from Table IV. 


Chhris 

gaynna. 


1-Monthly Cuttings. 

159 

2 Monthly Cuttings. 

135 

3-Monthly Cuttings. 

(U 

4-Monthlv Cuttings. 

57 

Average Minimum Kequirement 

9 


1 

Setaria 

linden- 

bergiann. 

('enchrue 

Digitana 

perUzii 

Panicum 

ciliaris \ 

\ 

Pretoria 

Small. 

maximum. 

202 

m 

120 

143 

116 

121 

101 

1 128 

117 1 

117 

1 SI 

115 

lOB 

90 

1 87 

81 • 

9 

1 9 

1 9 

9 


I 


Table VI. 


Meteorological Data — Onderstepoort. 


1 

1 

1 

Date. 1 

1 

^ _ _ J 

Average i 
RainfiUl. 

1 

I 

1 

Average 

Maximum 

Temperature. 

Average 

Minimum 

Temperature. 

1 

f ~ 1 

DifTerenco 
between 
Maximum 
and Minimum 
Temperature. 

1 

1935. 

September. 

(Inches). 

0-36 

i-’. 

81-8 

F. 

43*9 

' F. 

37*9 

October. 

0*97 

91*1 

52-2 

38*9 

November. 

1 2*09 

88*2 j 

1 55*5 

32*7 

Decen£ber.. 

317 

87*6 

56*8 

30*8 

1930. 

January. 

4*69 

87*6 

58*1 

29*5 

February. 

7*67 

85*2 1 

58*3 

26*9 

March. 

8*60 

80*0 

56*1 

23*9 

April. 

May. 

0*51 

79*8 

49*0 

30*8 

4*26 

71*4 

40*6 

30*8 

June. 

0 

72*1 

33*4 

38*7 

July. 

0 

70*7 1 

33-6 

37*1 

August. 1 

0 

76*0 

36*2 

39*8 

September. 

0*46 

77*6 

40*6 

37*0 

October. 

2*69 

83*2 

51*4 

31*8 

November. 

0*54 

82*2 

54*6 

27*7 

December. 

3*37 

1 

88*0 

65*6 

32*5 
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Table VII. 

Carotene Content of eld. Grass — A.rmoedsvlalctey Vryhtirg, ejspressed as mg* per cent. 

Carotene on Ttry Basis* 
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Table IX. 

Meteorological Data — Armoedsvlakte, Vryhyrg, Becltnaiudand, 



Average. 

Rainfall. 

Average 

Average 

Difference 

between 

Date. 

Maximum 

Temperature. 

Minimum 

Temperature. 

Maximum 
and Minimum 
Temperature. 


(Inches). 

F. 

F. 

F. 

January. 

0-93 

92-74 

56-16 

36-59 

February. 

2*69 

86*84 

.56-99 

29-85 

March. 

2-66 

80-47 

53-64 

26-93 

April. 

1-94 

75*49 

46-51 

28-98 

Mav. 

0-60 

69-31 

37*37 

31-94 

June. 

0 

64-93 

29-20 

35*73 

July. 

0 

70-20 

31-20 

39-00 

. 

0 

68*76 

31-09 

37-67 

September. ] 

0*2.5 

77-82 

39-98 

37-84 

October. 1 

0*62 

90-48 j 

i 53-76 

36-72 

November. 

1*15 

86-76 1 

54*98 

31*78 

December. 

laas. 

3-98 

88-43 1 

1 

1 

59-89 

28-54 

January. 

2*61 

87*74 

57-36 

30-28 

February. 

3-61 

85-94 

58-02 

29*96 

March. 

3*23 

78*98 

56-08 

22-90 

April. ! 

006 

79-96 

46*61 

33-35 

Mav. 

j 1*11 

68*27 

39-82 

28-45 

June. 

1 0*02 

69*13 

32*65 

26*48 

July. 

! 0 1 

1 67-84 

33*15 

34-72 

August. ! 

0 

74-50 

34-70 

39-80 


Summary. 

1. Carotene values are j]fiven for six well-known }»rasses, 
out monthly from established plots under natural climatic conditions 
at Onderstepoort from Aujrust, 1938, to Auf?ust, 1939. 

2. If the avera^^e bovine (800 lb. body wei«’ht) requires 9 milli¬ 
grams (‘arotene per day, then there exists no actual Vitamin-A 
deficiency for the sea.son in question. 

3. Carotene values are given for grasses cut at one-monthly up 
to four-monthly periods during the growth stage. 

4. The average intakes of carotene from these grasses are well 
above the minimum requirements of stock. 

5. Carotene values are given for veld grasses cut on the veld frmii 
the areas Vryburg, Bechuanaland and Ermelo on the Highveld of 
the Transvaal during the years 1935 and 1936, and analysed shortly 
afterwards. 

6. Here for the period^ in question, there is a strong indication 
of a likely Vitamin A deficiency during the dry months. 
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Errors in Publication, 1935. 

(а) 50 c.c. of the stock solution to 1,000 c.c. etc., should read 
5*0 c.c. of the stock solution to 1,000 c.c., etc. See page 479. 

(б) Value of Dye Standard used = 2*7 per 1,000 c.c. carotene 
and not per cent., as given in Tables A and B. See page 479. 
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The Senecio Alkaloids. Part 2 : Hydrogena¬ 
tion, Hydrolysis and Structural Results of 
Isatidine. 


By H. L. HE WAAL, Section of Pharmacolojfy and Toxicoloj^y, 

Onderstepoort. 


In the first ])aper of this series (de Waal, 1939) the isolation and 
chemical properties as well as the results of the preliminary hydrolysis 
and of the hydrogenation of the alkaloid isatidine were recorded. 
This alkaloid is the active principle particularly of Senecio isatideus 
but was also found to he present in very much smaller quantities in 
S, retroTsus U.C. It was then found that when isatidine was hydro¬ 
genated in the presence of platinum dioxide four molecules of 
hydrogen were consumed, which at the time could not be explained. 
Continuous efforts have since led to the jepealed and facilitated 
isolation of the reduced compound in the crystalline form, and this 
as well as some other structural results on isatidine are now reported 
upon. 


The Nature of the Hydrogenated Substance, 

The hydrogenation of isatidine (PtOg) in half-normal or normal- 
hydrochloric acid solution leads to the consumption of four molecules 
of hydrogen for one molecule of the alkaloid. The resulting hydro¬ 
genated product has been isolated both as the free base and as its 
hydrochloride. Both are laevo-rotatory, crystalline substances and 
the analysis revealed a striking phenomenon. Isatidine, C,rH 2 sN ^^7 
took up 4 molecules of hydrogen, then split off one molecule of 
water, so that the resulting base has the formula CisHgiOcN or 
C, 8 H 3 ,OqN.HC 1 for its hydrochloride, thus: 

CibH^^NO, +4TI, = [C„H38N0,1 

[C„H33N0,1 ^ H*0 = C, 3 H 3 iN 03 . 

Octahydro-anh ydro -isatid ine. 


Hydrolysis of Octahydro-anhydro-isatidine, 

When ootahydro-anhydro-isatidine was hydrolysed with barium- 
hydroxide, the split in the molecule occurred at the same place as is 
the case with isatidine, i.e. a basic fission product containing 8 carbon 
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atoms was produced, viz. CgHiyOaN, a tetrahydro-derivative of 
isatinecine (OgHigOaN). Barger and his associates (1932) hydro¬ 
genated retrorsine (as its diacetyl derivative) and found that only two 
molecules of hydrogen uere used. They failed to isolate the 
hydrogenated substance but isolated from the hydrolysis mixture a 
base CgHigON (retronecine lias the formula CgH^OaN), which they 
named retronecanol. Our .base, (5*11,yOgN, contributes new informa¬ 
tion towards the chemistry of the Senecdo alkaloids, a hydrogenated 
base having been obtained without any loss of oxygen atoms. The 
hydrogen has therefore saturated most likely ethylenic or benzylenic 
double bonds only and the possibility of an enolic-C’O-fJHa-groupiiig 
as suggested for retrorsine must be ruled out for isatidine. 


The Function of the (Krygen Atom,^ in Imtinecine^ Tsntinecic And 

and Isatidine, 


It must be accepted meanwhile that isatinecine OgHnOaN, has 
three reactive hydrogen atoms although this could not be acetylate<l 
or determined (Zerewitinoff), in the latter case due to its insolubility 
in either pyridine or anisole. 


Isatinecic acid C,oHigOo, is a dihydroxy, dicarboxylic acid and 
the function of all its six oxygen atoms is therefore known. 

Isatidine, CjgHagNOy, according to Blackie (1937) may have three 
reactive hydrogen atoms (i.e, hydroxyl-groups), and the remaining 
four oxygen atoms must then be contained either in two ester- 
linkages or in one ester-linkage and one lactone group. 


Isatinecic acid so readily forms a monolactone (see experimental 
part), that the slightest deviation from the optimum conditions for 
the forniation of the ^ dibasic acid* results in the isolation of the 
monobasic monolactonic acid. The equation for the hydrolysis of 
the alkaloid may therefore be either: 


I. + 2 H,0 

isatidine 

or 


isatinecine 


isatinecic acid or the 
‘new* acid (see p. 445). 


II. CigH,5N07 + H,0 - 
isatidine 


isatinecine isatinecic monolactone. 


Ileversely the alkaloid can therefore either be constituted by 
the combination of the dibasic acid, CioH,gOe, with the base 
isatinecine, CgHjgOgN, by two ester-linkages, e.g. 


CM 


,OH * 

i-.g I 


HO 


* HO - VC,H,. 
00 - (CS,), 


* 3 react. H. atoms. 


OigHuNO, (isatidine)—see equation I. 
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Or the alkaloid may be .a combination by one ester*linking of 
isatinecine with the monolactonic acid as follows: — 


CgHioN 


- OH ♦ 

. ~ OH ♦ 

- 0 - 


0 



* HO ~ 
CO - 


(CH3)a 


C 18 H 15 NO 7 (isatidine)—see equation IL 


* 3 react. H. atoms. 


The Natvre of the Natural and Hydrogenated Isatinecic Acids. 

As is described in the experimental part isatidine yields two 
difPerent acids on hydrolysis, depending upon the method used. With 
alcoholic KOIT a dibasic acid, CjoHicOo, with melting-point 
181-5^0.* and dextro-rotatory is obtained (see de Waal, 1939); 
this acid as has now been found also forms monobasic monolactonic 
acid. Using Ba(On )2 for the hydrolysis an isomeric dihydroxy- 
dibasic acid is obtained, with melting-point 148*5® C. and either 
inactive or dextro-rotatory. Its corresponding monolactone has now 
also been isolated for the first time with an [a] ^ =-f 108 ' 8 (Il 2 O) 
and a melting-point of 197-8®C. In a private communication to the 
author. Dr. J. J. Blackie of Edinburgh suggested the name 
“ isatinecic acid ’’ to the Ba(OH )2 hydrolysis acid of m.p. 148*5® C. 
which we now will retain in future, and the KOII-hydrolysis acid 
of melting-point 181*5® C. will meanwhile be termed the “ new ” 
acid until its identification has been completed and a suitable name, 
if necessary, suggested. 

Both isatinecic acid and the new '' acid as well as their 
monolactones (which incidentally prove that in each case one 
hydroxyl-group must be situated in the -y-position to one carboxyl- 
group) can be very readily hydrogenated in the presence of PtOj. In 
each case 2 molecules of hydrogen are consumed for one molecule of 
the acid. As these hydrogenated acids persist to be of a syrupy 
nature it is hoped that it will be possible to isolate ester-derivatives 
in a crystalline form. 

Now octahydro-anhydro-isatidine, CigHjiOeN, on hydrolysis 
yields a basic fraction CgHtyOgN, thus accounting for two molecules 
or four atoms of hydrogen. Again, octahydro-anhydro-isatidine 
shows a nett increase of six hydrogen atoms only and a loss of one 
oxygen atom (although 8 atoms of hydrogen had been taken up 
during the hydrogenation). Therefore the loss of two hydrogen atoms 
and one oxygen atom ns one molecule of water must have occurred in 
the acidic moiety of the hydrogenated substance, CigHsiOoN. If such 
an intramolecular elimination of one molecule of water had taken 
place in the acidic fraction of the molecule, then it is expected that 
the hydrolysis of octahydro-anhydro-isatidine will lead to the isolation 
of a CioHaoOo dibasic acid which had lost one molecule of w^ter, i.e. a 
C,oHigO« dibasic acid. Should the hydrolysis lead to the isolation 
of a monolactonic acid, then similarly its Wmula will be CiqHig 04 
(i.e. C,oH,gOg-.H, 0 ), 


* All nieiting-points are corrected (Kofler micro-melting-point apparatus). 
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It is also perfectly clear from the two part formulae for isatidine 
(see page 434) that the loss of one molecule of water in the acidific 
moiety of the hydogenated substance cannot be due to a lactone 
formation in that part of the molecule. It can only be accounted for 
by the reaction of one hydroxyl-group with one other hydrogen atom 
to eliminate one molecule of water in the acidic fraction of the 
molecule. 

It is hoped that this obscure problem will be clarified in our 
next contribution on the subject after the number of the^ reactive 
H atoms in octahydro-anhydro-isatidine has been determined and 
the hydrogenated acidic fraction has been isolated. Similarly it will 
be interesting to know whether the same phenomenon of water elimi¬ 
nation takes place during the hydrogenation of isatinecic acid itself 
as well as its monolactone. 


Experimental Part. 

Catalytic Hydrogenation and Reduction of Isatidine and the 
Isolation of Octahydro-anhydro-isatidine. 

10 Gins. Isatidine dissolved in 70 c.c. N hydrochloric acid was 
hydrogenated under continuous mechanical shaking (Gattermann 
and Wielandy 1936) using 200 mgm. platinum-dioxide as catalyst. 
The hydrogen consumption advanced as follows: — 

The first molecule of hydrogen was taken up after 100 minutes, 
i.e. at the rate of 420 c.c. per hour. 

The second molecule of hydrogen was taken tip after a further 
110 minutes, i.e. 390 c.c. H, per hour. 

The third molecule of hydrogen was taken up after a further 
145 minutes, i.e. at about 290 c.c. per hour. 

The fourth molecule of hydrogen was taken up after approxi¬ 
mately 250 minutes, i.e. at about 170 c.c. per hour. 

Various independent hydrogenations with 3 gms., 12 gms. and 
20 gms. of isatidine and 100 mgm., 200 mgm. and 500 mgm. 
platinum-dioxide respectively in water, half-normal and normal 
hydrochloric acid solutions, all proved that the first iwo molecules 
of hydrogenation were absorbed at practically the same rate but that 
the consumption of the third molecule of hydrogen was much slower, 
whereas the fourth molecule of hydrogen was consumed at a still 
more reduced rate. 

The hydrogenated acid solution (above) of 10 gms. of isatidine 
was very unstable towards acid^ or soda-alkaline permanganate solu¬ 
tions and gave strong precipitates with Mayer’s, Wagner’s and 
Dragendorf’s reagents and with phospho-tungstic acid. Thorough 
shakings of this acid solution with ether or with chloroform removed 
nothing. The solution was then alkalinified with concentrated 
ammonium hydroxide (1 : SBCjO), allowed to evaporate and finally 
dried in a vacuous desiccator over concentrated sulphuric acid. The 
residue was then extracted first with acetone (twice) and then with 
chloroform followed by absolute alcohol. 
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The acetone solution deposited a good crop of crystals (about 
2 gms.) and the chloroform solution on evaporation left about 5 gms. 
of an oily substance. 

The purified crystals (see Fig. 1) from the acetone solution was 
dissolved in a little absolute alcohol from which it crystallized in 
clusters of needles on the addition of a small volume of dry ether. 
From the oily residue of the chloroform extract the same substance 
was isolated after repeated treatment of the oil with acetone. The 
acetone washings deposited the same base as was isolated above. 
This base exhibited a double melting point. It melted at 115 to 
120 ^, resolidified and finally melted to a clear solution at 183 to 
1840 C. 


Fig. 1. 



Octa-liydro-anhydro-isatidine x 35. 


J/i cro-ana lysis . 

5*347 mgm.: 11*565 mgm. COa; 4*170 mgm. HaU. 

3*144 mgm.: 0*104 c.c. N at 22*5^ C. and 766 in.m. 
Calculated for : 

C = 60*48 per cent.; H~8*74 per cent.; N==3*92 per cent. 

found: 

C = 59*01 per cent.; H«8*73 per cent.; N==3*85 per cent. 

(See confirmation of this formula from the analysis of its hydro¬ 
chloride, p. 439). 

The substance had a bitter taste; it readily dissolved in water, 
methanol and acetic acid; it was soluble in ethanol and chloroform; 
it was sparingly soluble in acetone, benzol and ethyl-acetate and 
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was insoluble in ether and petroleum-ethei. A bolutiou of octahydro- 
anhydro-isatidine in twice-normal hydrochloric acid gave strong 
precipitates with phospho-tungstic acia and with Mayer’s, Wagner’s 
and Uragendorf’s alkaloidal reagents. 

The formula CuHjiOeN was definitely established by the prepa¬ 
ration of the hydrochloride from this base and the isolation of the 
hydrochloride from the hydrogenated acid solution. 

isoldtion of Octahydro-anhydro-isatidino-hydrochlonde. 

This compound was very leadily obtained when isatidiiie was 
catalytically reduced in a normal hydrochloric acid solution (see 
above) and the filtrate after the hydiogenation allowed to evaporate 
in front of a fan at room tempepture. Ciystals lapidly be^an to 
separate in the form of stout prismatic columns. The liquid was 
finally evaporated to dryness on a water-bath. The crystals were 
dried, washed with acetone followed by ether and recrystallized from 
boiling ethanol. After two recrystalUzations the hydrochloride (see 
Fig. 2) melted sharply at 218® with strong evolution of gas to a 
clear melt. 


Fig. 2. 



Octa-hydro-anhydro-isaitdine-hydrochloi ide x So. 
OpUcal Rotation, 


Wht. — = 50*0 mgm. 

Vol.^ 7-5 c.c. HjO. 

e . « - 0-36. 


N 20 ^ -0-35 X 7-5 X 1,000 
D 1 X 80 


-62-6*. 
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Micvo-analyais: 

5*407 mgm.: 10-875 mgm. COg: 3-870 mgm. HgO. 

2-914 mgm.: 0-090 c.c. N at 23®C and 766 m.m. Hg. 

13-420 mgtn.: 4-940 mgm. AgCl. 

Calculated for CjJIaiOe N.HCl C. ~ 54*88 per cent.: H — 8-19 per cent. 

N = 3-55 per cent.: Cl = 9-00 per cent. 

Found. C. = 54-87 per cent.: H = 8-01 per cent. 

N. = 3-59 per cent.: Cl = 9-10 per cent. 

Therefore. CigHaiOeN.NCl. 

The substance was readily soluble in water, methanol and acetic 
acid; it was sparingly soluble in ethanol, ethyl-acetate and chloroform 
and it was insoluble in ether, acetone and petroleum ether. 

Prepa/ration of Octahydro-anhydro-isatidine {free base) from the 
alH>ve hydrochloride. 

The pure hydrochloride (m.p.218°) was dissolved in a small 
volume of water and the solution made alkaline with a concentrated 
ammoni\im hydrate solution (1;3 HjO). It was then allowed to 
evaporate in front of a fan. The residue, which had the consistency 
of a syrup, was stirred with dry acetone when it became crystalline. 
Purification was effected by recrystallization from ethanol on the 
addition of a small volume of pure ether. The base had the same 
double melting-point and showed no depression when mixed with the 
free base directly isolated from the isatidine-hydrogenated solution 
(see page 436). 


Hydrolysis of Octahydro-anhydro-'isatidine and the Isolation of 
T etrahydro-isaiinecine. 

The hydrolysis of Octahydro-anhydro-isatidine can be effected 
in two ways: (1) immediately after the hydrogenation (PtOg) of 
isatidine was completed, i.e., with the base still in normal hydro¬ 
chloric acid solution, or (2) with the crystalline hydrochloride after 
its isolation. In the first case the filtrate, after 4 molecules of Hg 
had been taken up by the isatidine in N-HCl solution, was shaken 
with ether. The ether was removed and the acid solution neutralized 
with concentrated ammonium hydrate (1:3 HgO) and then 1*2 mol. 
of solid barium hydrate were added. In the second case the crystalline 
tetrahydro-anhydro-isatidine hydrochloride was dissolved in a small 
volume of water and a small excess of barium oxide-hydrate was then 
added. 

The solution (in either case)with the barium hydrate was then 
refluxed for about one hour [e.g., 10 gms. octahydro-anhydro- 
isatidine and 12 gms. of Ba(OH)a-8HaO]. It was then filtered. The 
filtrate was titrated with concentrated sulphuric acid (1:4 HaO) until 
just acid to phenolphthalein. The BaS 04 was centrifuged off. The 
clear supernatant was allowed to evaporate on a waterbath to dryness 
and the dry residue extracted with hot absolute alcohol. The alcoholic 
solution was then allowed to evaporate on a waterbath and the syrupy 
reisidne stirred with dry acetone. The base crystallized. 

439 






ffnarv aviani»nTrk at at rkTiic 


This substance was then repeatedly refluxed with acetone which 
removed the base and on the concentration of the acetone and the 
addition of a small volume of ether readily crystallized (see Fig. 3). 
After one or two similar recrystallizations this base tetrahydro- 
isatinecine, had a constant melting-point (sharp) of 174-5®. It is 
very hygroscopic. 

Fig. 3. 



L 


Tetrahydro-iiiatinecme, in.p. 175 xlU. 

Micro-analysis ; 

6‘201 mgm.: 10‘380 mgm.COa; 4*440 nigm. HjO. 

3*021 mgm.: 0*210 c.c.N at 25*5® C. and 754 m.m. Hg. 
Calculated for CgHijOjN: 

C=54*83 per cent.; H=9*78 per cent.; N=7*99 per cent, 
found: 

C—54*43 per cent.; H=9*55 per cent.; N=7*90 per cent. 
Optical TotaUon. 

The mean value of a solution of 50*0 mgm. in O'O c.c. distilled 
HjiO was found to be as follows:— 
a=-0*55O. 

Therefore « j ^ “ 88*0®. 

Chemical Properties: 

This substance (tetrahydro-isatineciue) was easily soluble in cold 
water, ethanol, methanol and chloroform. 

It readily dissolved In hot acetone ; it was sparingly soluble in 
ethyl-acetate and practical^ insoluble in ether «id petroleum-ethei. 

.'A solution of tetrahydro-isatinecine in two normal HCl gave 
strong precipitates with phosphotungstio acid and witii Wagner’s, 
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Urageudorf’s and Mayer’s reagents. With Mayer’s reagent lemon- 
yellow crystalline flakes were obtained with a crude melting-pomt 
of 117®. Tetrahydro-isatinecine was unstable towards soda-alkaline 
potassium-permanganate solution. 

. Barium-hydrOfVide hydrohmb of Isatidine/ The uolation of.,, 
isattnecine, isatinecic acid and isatinecic monolactonic acid. 

To a solution of 20 grms. of isatidine in 200 c.c. of water was 
added 20 gms. of solid barium-oxide-hydrate (1*2 mol.) and was then 
refluxed for 40 minutes. The filtrate was titrated with concentrated 
sulphuric acid (1:4 HjO) until just acid to phenolphthalein and the 
BaS 04 precipitate centrifuged off. The supernatant was decanted 
and evaporated on a waterbath under reduced pressure. The dry 
residue was then twice extracted with hot ethanol which readily 
removed the base isatinecine. 

On concentration of the alcohol and the addition of acetone 
isatineciue crystallized out in a very good yield of about 8 gms. 
Thus recrystaUized the basic fission product (see Fig. 4) decomposed 
at 212-215®. 

Fig. 4. 



Isatiiieeine, m.p. 212-5^, XlO. 


Micro^analysis. 

4*729 mgm. dried at room temperature in high vacuum over 
Pji 05 lost 0*058 mgm. in weight. 

(a) 4*671 mgm.: 9*655 mgm. CO 2 ; 3*160 mgm. H 2 O. 


•'In a private communication Dr. J. J. Blackie of Edinburgh suggested the 
hydrolysis with Ba(OH )3 for which we wish to express our sincere thanks. 
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(6) 2‘865 mgiQ.: 0*214 o.c. N at 25® C. and 764 m.m. Hg. 
found: C»>56*41 per cent.; H = 7*67 per cent.; N—S’O 
per cent. 

Calculated for C.H„0,N: 0=56*12 per cent.; H=7*65 
percent.; N = 8*2 per cent. 

(a) Active hydrogen could not be determined due to the insolu¬ 
bility of the substance in either pyridine or anisole. 

(d) Negative for G-methyl groups. 

(e) Negative for N-methyl groups. 


OpUcul Rotation. 

[ “]d (50*0 mgin. in 8 c.c. HjOi 


Properties. 

Isatinecine gave strong precipitates with phosphotungstic acid, 
Wagner’s and Drageiidorf’s reagents, but nil with Mayer’s reagent. 

It is soluble in water, methanol, ethanol and acetic acid. 

It is sparingly soluble in acetone and ethyl-acetone and practi¬ 
cally insoluble in ether, petroleum-ether and chloroform. 


Isolation of Isatinedc Acid, and Isatiiiecic Monolactonic Add. 

t 

The residue after the extraction of the base with ethanol (above) 
was then dissolved in a small volume of water, titrated with concen¬ 
trated sulphuric acid (1 ; 4IIjO) until the solution was this time just 
acid to Congo red. The BaS 04 was again centrifuged off and the 
supernatant evaporated to dryness as already stated for the base 
above. The dry residue was then reHuxed with ethyl-acetate for two 
to three minutes which removed the acid, the ethyl^cetate solution 
was dried over exsiccated Na,SO. and if necessary decolourised by 
the addition of a pinch of ^charcoal. On the addition of a little petro¬ 
leum-ether to the filtrate^ isatinecio acid crystallized in needles. After 
a similar recrystallizatioit the acid crystallized in fairly large 
beautiful colourless needles (sro Fig. 5) with a clear constant melting- 
point of 148*6®. 

j similar hydrolysis experiments of isatidine with barium- 

hy^xide were carried oi^t under slightly CKcessive heat, the hydro¬ 
lysis invariably resulted in tiie isolation of the isatinecic monolactonic 
monolactonic monobasic acid readily c^stallizes into 
beautiful large crystals (see Pig. 6) from pure ^hyl-acetate only. 
After the third reoiystalUzation the substance was pure with a sharp 
melting-point at 197-8® 0. , 
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Micro^analysis of Isatinecic Acid. 

r 120 

(a) The inactiye acid and (6) the active acid I a I = + 86 (HaO) 

(а) 4*260 mgm.: 8 100 mgm. COa; 2 *640 mgm. HjO. 

( б ) 5-476 mgm.: 10*410 mgm. CO 3 ; 3*410 mgm. H 3 O. 
found (a): C = 51*88 per cent.; H~6*94 per cent, 
found ( 6 ): 0 = 51*87 per cent.; H = 6*97 per cent. 

Calculated for C,oHioOa: 0 = 51*72 per cent.; H = 6*94 
per cent. 

(c) 0*201 mgm. in 3*027 mgm. camphor; A -=11 2^. 
therefore mol. weight = 238. 

C,oH,«Oe = 232*23. 

(d) Active U Determination {ZtCrewifinoff). 

( 1 ) 6*210 mgm.: Vo = l*23 c.c. OH,. 

(2) 6*301 mgm.: Vo = l*25 c.c. CH 4 . 

found ( 1 )=: 0*88 per cent, reactive H atoms, 
found (2) = 0*88 per cent, reactive H atoms. 
Calculated = 0 *86 per cent, for two reactive H atoms. 
therefore2 - OH groups. 

(e) Micro-titration. 

54-0 mgm. of the dibasic acid dissolved in about 
5 c.c. H 3 O required 4*60 c.c. N NaOH. 

Now 23*2 mgm. (mol.wht.232) required 2*0 c.c. 
N NaOH for 2 -COOH. 

Therefore 54 mgm. required 4*66 c.c. NaOH for 2- 
COOH. 

Therefore 2 carboxyl-groups. 

No lactonic groups were found to be present. 

if) Solubility. 

Isatinecic acid immediately dissolved in cold water, 
cold methanol, cold ethanol, cold acetone and cold acetic 
acid. It was soluble in ethyl-acetate and practically 
insoluble in ether, petroleum-ether and chloroform. 

Chemical Properties of Isatinecic Monolactonic Add. 

I. Micro^analysis. 

6*311 mgm.: 10-946 mgm. CO 3 ; 3*142 mgm. HjO. 
found : C 56 * 22 per cent.; H = 6 * 63 per cent. 

Calculated for CioHjaO^; C = 56*08 per cent.; H = 6*69 pei 
cent. 
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(2) Micro-titration. 

50-0 mgm. acid dissolved in about 5 c.c. HjO. required 
2-30 c.c. N NaOH. 

Now 21-4 mgm. (mol.wlit.214) required 10 c.c. N NaOH 
for l-COOH. 

Therefore 50*0 mgm. required 2*32 c.c. NaOH for 1- 
COOH. 

Therefore one carboxyl group. 

(3) Saponification. 

4 c.c. NaOH was added to the titrated solution (2), 
and this solution then refluxed for 30 minutes. 

Back titration required 1-85 c.c. - HCl. 

Therefore difference —2-15 c.c. ^ NaOH. 

Therefore monobasic-monolactonic-acid. 

Theory for one lactone-group = 2 • 32 NaOH. 

(4) Specific Rotation (mean of several determinations). 

Weight =.50-0 mgm. 

Volume8-0 c.c. HjO 
a=+0-68® 

r 120 + 0«68 X 1000 X 8 

L “ JD “ 1 X 50 

= + 108 * 80 . 


(5) Solubility. 

The isatinecic monolactonic acid dissolved in cold water, 
cold methanol, cold ethanol and cold acetone, but not so 
readily as Ihe dihydroxy-dibasic isatinecic acid. It dissolved 
in ethyl-acetate and acetic acid, but was practically insoluble 
in ether, petroleum-ether and chloroform. 


Alcoholic KOH Hydrolysu of Isatidine. 

The Isolation of the “ New ’’ Isomeric Acid^ C,oH,eOft. 

^ In the first paper of this series (de Waal, 1939), the hydrolysis 
of isatidine with alcoholic potassium hydroxide had been recorded 
and the isolation of the acid fission product onl}r had been described. 
The following improved hydrolysis led to the isolation of both the 
base and the acid. 

To 10 gms. of isatidine dissolved in 80 c.c. ethanol was added 
4 gms. of solid KOH ^=1-3 mol.) and then boiled under^a reflux 
condenser. (The addition at this sta^e in another experiment of 
2 c.c. of water led to the same hydrolysis results.) Within 6 minutes 
crystals separated and after 10 minutes the contents of the flask was 
one mass of crystals. The hydrolysis was stopped and the crystals 
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were filtered off, thoroughly washed with ethanol and dried. This 
eubatance was the dibasic potassium salt of the inactive acid. [From 
the alcoholic filtrate isatinecine was isolated adopting the same 
procedure as described further above for the Ba(OJl)a hydrolysis.] 

Isolation of the AciJL. 

The potassium crystalline salt was dissolved in about 20 c.c. of 
cold water and the solution divided into two equal portions. The 
one portion was neutralized with concentrated sulphuric acid 
( 1:4 H^O) until just acid to congo red and the other portion 
neutralized with (concentrated hydrochloric acid (1:3 HgO) again until 
just acid to Congo red. (The object was to test whether H 3 SO 4 would 
lead to the isolation of a dibasic acid and H('l to the isolation of a 
monobasic monolactonic acid.) From both filtrates on evaporation 
crystals separated. The crystallization was more rapid and complete 
from the H 3 SO 4 neutralized solution. In both instances one and the 
same dibasic acid crystallized, identical with the dibasic acid already 
described in the first publication (1939). With solid KOH the 
isolated acid was found to be inactive, whereas formerly with twKie 
normal alcoholic potassium hydroxide the (optically active dibasic, 
acid was isolated. The melting of this acid is 181*5^ corrected (not 
178-180^ as was reported previously). 


Summary. 


1 . The principle alkaloid of ^enecio isafideus D.C. isatidiue, 
CigHaaNOr, on hydrogenation in the presence of platinum-dioxide, 
took up 8 atoms of hydrogen with the elimination of one molec.nle 
of water. The formula is CuHajOeN, m.p. 183-184® i\ 

2. The hydrogenated crystalline substance, octahydro-unhydro- 
isatidine, readi^ forms a 'hydrochloride m.p. 218® C., 
[a]» ~ -52*5(1120), and can easily be converted into the free base. 

3. Octahydro-anhydro-isatidine or its hydrochloride yields on 
hydrolysis with Ba(OH)a ^ basic fission product with the formula 
CgHiyOsN. Isatinecine has the formula CglTisOgN. It is therefore 
a tetrahydro-isatinecine. 


4. Tetrahydro-isatineoine, m.p. 175® C. and [a]]^ =~ 88 ®; is 
unstable towards potassium-permanganate and gives positive reactions 
with alkaloidal reagents. 

5. Isatidine hjrdrolysed with Ba( 0 H )3 yields isatinecine and the 
dihydroxy-dibasic isatipecic acid formulae CgHiaOsN and C,oH,eOa 
respectively. 


6 . When isatidine is hydrolysed with alcoholic KOH the same 
base isatinecine, but a different dibasic acid is obtained, isomeric 
with isatinecic acid. It has m.p. 181:6® C. 


^ 7. Isatinecic acid readily forms a monobasic monolactonic acid, 

C,oH, A, m.p. 197-8® and lajy - +108*8® (H 3 O). 

8 ^ Both isatinecic acid and its ** new isomeric acid each take 
up four atoms of hydrogen on hydrogenation in the presence of PtOj. 
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9. From the hydrolysis results with oetahydro-anhydro-isatidine 
and the isolation of the basic fission product tetrahydro-isatinecine, 
CgHxyOaN, it is concluded, that it must be the acidic fraction of the 
hydrogenated moJecuJe which eliminates one molecule of water as 
follows: -T- 

(\oH,A + 4Ha = aoHa„Og. 

CxoiraoOo-HaO^CxoHxgOg. 

C JIx.OgN 4- CxoHx.Og == CxsHaxOg -f 2HaO. 

10. The w'ork is being continued with the view to furnish a 
further contributioii towards the stnndure of the Seiiecio alkaloids. 


A (’KNOVVLKl)GKMENT. 

The micro-analyses (C—H, N, Cl, active H, N—CHs, C—CHj) 
were carried out by Ur. A. Schoeller, Berlin, and Ur. K. Wallenfels, 
Heidelberg, Germany. The photographs were taken by Mr. T. Meyer, 
Onderstepoort. 1 would like to thank these gentlemen sincerely for 
their assistance. 


Author\s Note. 

After this article had been submitted to the Press it was dis¬ 
covered that isatinecic acid is a per acid, i.e., has one 
-R.CO.O.OH grouj) and that this is ester-linked in isatidine. 
Therefore both isatidine and isatinecic acid have each one per-oxygen 
atom, accounting for one excess hydrogen molecule during their 
hydrogenations above those required for the saturation of olefine 
double-bonds. (A more detailed article will appear in a subsequent 
issue of this journal.) 
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Chemical Blood Studies VIll. 


A Rapid Spectroscopic Method for (A) The Quantitative 
Determination of Haemoglobin in Blood and (B) Its 
Application for the Quantitative Estimation of Hae- 
moglolnn in Milk, Urine, Serum or Plasma and Fae<;es. 


By (j. C. S. ROETS, Department of Chemical Pathology, 

tlnderstepoort. 


In connection with animal pigment metabolism studies the author 
and his collaborators needed a rapid and efficient method for estima¬ 
ting haemoglobin quantitatively in biological materials. In this 
communication such a method is recorded, by which the blood haemo¬ 
globin and haemoglobin present in milk, urine, serum or plasma and 
faeces can be quantitatively estimated. 

A.— The Quantitative Determination ov Haemogi^obin in Blood. 

Methods considered. 

Newcomer, H S. (1919) proposed a haemoglobinometer, with a 
coloured glass disc as a standard for the quantitative determination 
of haemoglobin as acid haematin. In 1923 he advocated the use 
of a modified Duboscq colorimeter. This method, knowm as the 
Newcomer disc method, is in common use. Cohen, B and Smith, 
A. H. (1919) used an Autenrieth-Hellige or Duboscq colorimeter for 
matching the colour against that of a standard acid haematin solution. 

Another technique was developed by Wong, S. Y. (1922) by 
which the ii*on present in the blood is determined and from this 
the total amount of haemoglobin is calculated, the assumxition being 
that iron, apart from that contained in the haemoglobin molecule is 
present only in traces in blood. In 1928 he described how the iron 
of the haemoglobin molecule can be detached by the action of 
sulphuric acid, the decomposition being facilitated with the aid of 
potassium persulphate. The interfering proteins axe completely preci¬ 
pitated by tungstic acid and filtered off. Colorimetric comparisons 
are made against a standard iron solution. Andes, J. E. and Northup, 
D. W. (1938) made use of a photoelectric colorimeter for the compari¬ 
sons. HauKal, R. F. (1933) determined the iron by digesting blood 

461 



CHEMICAL BLOOD STUDIES. 


with sulphuric acid and hydrogen peroxide over a microburner, and 
by comparing the characteristic colour obtained with thioglycolic 
acid and ammonium hydroxide against that of a standard iron solution 
similarly treated. The last mentioned method was preferred by the 
author on account of its extreme sensitivity and the elimination of 
the filtering process. Myers, V. C. and Eddy, H. M. (1939) described 
slight modifications to permit its use with 0*05 c.c. of blood. 

Denes, A. (1932) established a spectrophotometric method for 
measuring the 555*8 /a // and 527*1 /x fi haemochromogen absorption 
bands ratio. From the extinction coefficients of these two wave¬ 
lengths of the spectrum and the absorption ratio, the haemoglobin 
(jontent of the blood can be calculatetd. The haemin <‘outent of 
liver catalase preparations was determined by Stern, K. G. (1937) 
by converting the haemin into pyridine haemochromogen and com¬ 
paring the intensity of the absorption bands against that of a standard 
prepared from crystalline blood haemin. The same principle had 
been used by Zeile, K. and Hellstrom, H. (1930) and also by Keilin, 
D. and Hartree, E. F. (1936). 

The intensity of the 555 absorption band of Pyridine haeniu- 
chromogen is made use of in my method; a Zeiss poctket spectroscope 
and the principle of dilution as described by Rimington, C., Roets, 
G. C. S. and Fourie, P. J. J, (1938) in the quantitative determina¬ 
tion of coproporphyrin being used. 


Procedure, 

Stock Solution .—Dissolve 116*6 mg. pure recrystallised haemin 
in 40 c.c, pyridine and dilute up to 100 c.c. with IN NaOH solution. 

Standard,—A dilution of 0*5 c.c. stock solution up to 100 c.c. 
with IN NaOH serves as a standard solution. 

Blood.—Transfer 0*4 c.c. oxalated blood into a 200 c.c. 
measuring flask, add IN NaOH up to the mark, shake thoroughly 
and leave at room temperature for 10 minutes. 

Comparison .—Take two similar thin glass test tubes 1*5 cm. in 
diameter, and measure off 5 c.c. of the standard solution into the 
one and 5 c.c. of the blood solution into the other. To each of 
the tubes add 1 c.c. pyridine and a few mg. sodium fiydrosulphite. 
Compare the intensity of the 555 absorption bands and dilute the 
solution showing the more intense band (whether standard or 
unknown) with a' IN NaOH solution by means of a calibrated 
standard pipette until e(}ual intensity is reached in both tubes. After 
each dihition the solution should be thoroughly mixed by lateral 
shaking. 

Calculation.^^. 

M. wt. of haemoglobin —66,800. 

The haemoglobin molecule has four haematin molecules [see 
Hawk and Bergeim (1981)]. 

Haemin FeCl. 
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'I’hus the concentration haemoglobin equivalent to the standard 

solution ==116-6 X 329x 4 ^ 100 

=-14-95 mg. or 0*01495 g. per 100 c.c. 

In the unknown, the amount of haemoglobin expressed as grams 
haemoglobin per 100 c.c. blood 

X 200 

= a X fm X 0-01495 
0 0*4 

Volume in c.c. to which the unknown is diluted 
6 200 . 

or = — X ,-r~j X 0*01495 
y 0-4 

where y=:Volume in c.c. to which the standard is diluted. 

Precautions. —The addition of too much sodium hydrosulphite 
produces a slight turbidity,'which may result in too high values. 
With experience the exact quantity necessai*y can easily be judged. 

Flesh stock solutions should be made up monthly and kept in the 
dark since decomposition takes place. Standard solutions should be 
made up daily. 


Discussion. 

As a check on this method simultaneous determinations were 
made by the iron method as described by Hanzal and by the Newcomer 
disc method. The results <d)tained by the former compared quite 
satisfactorily whilst those ot the last mentioned method did not. Andes 
and Northup (19118) had the same experience when comparing the 
results obtained by Wong's method and the Newcomer disc method. 

The following table show-s comparative results obtained by these 
three methods. 


Table I. 

Comparison of the Haemoglobin Values by the Three Methods. 


Animal Speciea. 

1 

Iron Method. 

g. Hb. per 

100 c.c. Blood. 

1 

^ Spectroscopic 
Method, 
g. Hb. per 

100 c.c. Blood. 

Newcomer Disc 
Method, 
g. Hb. per 
100 c.c. Blood. 

Sheep normal. 


12-57 

14-31 

Bovine normal. 


11-42 

12-61 

Bovine normal. 


11-42 

13-06 

Bovine normal. 


11-82 

14-04 

Bovine normal. 

11*48 

11-82 

13-78 

Bovine normal. 

12-10 

12-37 

15-18 

Bovine normal. 

16-71 

14-93 

16-87 

Bovine normal. 

12-10 

12-46 

12-61 

Bovine normal. 

10-92 


10*87 

Bovine anaplasmosis. 

4-14 

4-08 

6*11 

Bovine anaplaamosis. 

6*22 

6-85 

5*08 
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With the necessary practice and sufficient equipment 70 to 100 
determinations can easily be made during an eight hour working day. 

The accuracy and simplicity will undoubtedly be increased with 
a more efficient spectroscopic apparatus. The author attached a 
Zeiss microspectroscope ocular with a comparison prism to a micro¬ 
scope and transferred the standard solution to a tube in front of 
the comparison prism which was illuminated with a mirror in a 
fixed position. The stratum of the standard in a little beaker on 
the microscope stage was adjusted by addition until equal intensity 
in both spectra was reached. The unknown was now diluted with 
known quantities and replaced in the tube in front of the comparative 
prism until equal intensit^^ was once more reached. Better results 
were not obtained. Similar apparatuses for comparing spectra 
intensities were designed by Stern, K. G. (1937) and Keilin, D. 
and Hartree, E. F. (1936) where the strata of liquids could be altered 
by movable plungers similar to the principle employed in ordinary 
colorimeters. 


(B) The Application op this Pyridine Haemociiromogen Method 

TO THE Quantitative Estimation of Haemoglobin in Milk, 

TJhine, Serum or Plasma and Faeces. 

Methods Considered. 

Numerous methods for the qualitative detection of bloody in 
biological materials can be traced in physiological and biochemical 
text books like those of Hawk, P. B. and Befgeim, 0. (1931), 
Plimmer, R. H. A. (1918) and White, D. S., and Fischer, P. (1920). 
These methods can be classified into four groups: — 

(1) Peroxidase Reactions. —Hacfknoglobin reacts upon peroxide 
giving off oxygen. Oxygen thus liberated gives marked colour 
reactions with substances of the following type: — 

{a) Guaiacum—blue. 

(&) Aloin—purj)le-red. 

(c) Benzidine—blue-green. 

(d) Malachite green—green. 

(e) p-Phenylenediamine hydrochloride—^brown-red. 

(/) Phenolphthalein—red. 

(g) Ortho-toluidin—^bluish. 

These tests, with all their modifications, are based on the same 
property of haemoglobin. Thus any , substance which liberates 
oxygen in the same way as haemoglobin, will give a positive reaction. 
In practice, therefore, pus, milk, faeces, etc., very often give a 
positive result in the absence of haemoglobin. 

(2) The imcroscopic identification of eryihro^tes .—This method 
is one of the best when non-haemolysed blood is present, for then 
liqmd materials such as urine and milk can be centrifuged imd the 
seaitnent examined microscopically for erythrocytes. 

454 



G. C. S. KOETS. 


(3) 'The conversion of haemoglobin into haematin. —(a) In the 
potassium hydroxide test (Heller) the red colour of haematin is made 
use of to detect the presence of blood. This test is very unsatisfactory 
since many other substances like porphyrins, for example, may con¬ 
tribute to a red colour of the solution. 

(b) The crystals of haematin can easily be prepared by the acetic 
acid method and microscopically identified. This is a specific test 
but the very small quantities to be dealt with in practice makes this 
method often impracticable. 

(4) Spectroscopic examination. —The spectroscopic examination 
of translucent materials like lymph, serum, plasma or urine is one of 
the most satisfactory ways by which haemoglobin can be detected in 
such materials. 

The method described in this article makes it possible to detect 
haemoglobin in concentrations as low as 4 mg. haemoglobin per 100 
c.c. liquid, on account of the extreme intensity of the 555 band of 
pyridine haemochromogen. 


Procedure, 

(1) Milk. —Shake the milk sample thoroughly to obtain an even 
distribution of erythrocytes, which might have gravitated towards 
the bottom of the container on standing. Transfer 30 c.c. to a cali¬ 
brated centrifuge tube, add a few mg. saponin, stir well with a glass 
rod and leave at room temperature foi 30 minutes. Add 0*3 c.c. of 
strong hydrochloric, stir well and centrifuge for 15 minutes. Note 
the volume of ihe liquid. Measure off 10 c.c. of this liquid into a 
centrifuge tube, add 2 c.c. of pyridine, mix well and centrifuge for 
10 minutes. To 6 c.c. of the supernatant liquid is added sodium 
hydrosulphite. The comjiarison is now made. 

Calculation. 

X ti 

14'95 ing. haemoglobin per 100 c.c. 

= Volume in c.c. to which the unknown is diluted. 

Volume in c.c. of the liquid phase. 

or 

~ X ^ X 14*95 mg. haemoglobin per 100 c.c. 

where r is the volume in c.c. to which the unknown is diluted. 

Thus 30 c.c. of a milk sample containing blood equivalent to 27*41 
mg. haemoglobin per 100 c.c. yielded 25 c.c. of liquid after being 
centrifuged. 6 c.c. of. the final liquid after being treated with 
pyridine and centrifuged had to be diluted up to 13 c.c. to match 
the standard. 

13 25 

Haemoglobin found ^14* 95 x X ^ nig. per 100 c.c. 

=*26*99 mg. per 100 c.c. 
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Tho Jiaemoglobin of the erythrocytes in fresh milk can be determined 
as follows: Centrifuge a known volume of the sample for 30 minutes, 
decant off the liquid carefully, lake the sediment with a 0*05 per 
cent, saponin solution (1 to 5 c.c. or moie) and perform the test as 
above. 

It was observed that the haemoglobin concentrations decreased 
in the course of time. The following experiment was therefore 
carried out: — 

2'5 c.c. of a solution containing 4*96 g. haemoglobin per 100 c.c. 
was made up to 500 c.c. with milk. This mixture was thoroughly 
shaken. 260 c.c. was exposed in an open flask at room temperature 
and 250 c.c. was stored in an open flask in the ice chest. Tests were 
carried out on these two samples and it was found that the haemo¬ 
globin concentrations decreased equally in both flasks. Table II 
shows the percentage decrease at different periods. 

Table II. 


Time in hours. 

2 . 

5 . 

24. 

72 . 

96 . 


Percentage decrease. 

. 3-6 

.24-6 

. 62 

. 74-5 

.80*4 


It is therefore necessary to examine milk within two hours after 
withdrawal from the udder to avoid too large an error. Furthermore 
the rate of haemoglobin destruction may vary considerably in 
different milks, whether from normal or diseased udders, and this 
point merits further investigation. 

(2) Urine and serum (or plasitui). —Measure off 10 c.c. into a 
centrifuge tube, add 2_ c.c. of pyridine, mix well and centrifuge for 
10 minutes. The test is performed on 6 c.c. of the clear supernatant 
fluid as previously described. 


Calculations. 

14*95 X ^ mg. per 100 c.c. 

Where a!=Volume in c.c. to which the Xinknown is diluted, 
or 14*95 X mg. per 100 c.c. 

where y—Volume in c.c. to which the standard is diluted. 

The haemoglc^ etpcentration in a normal human urine to 
which blood had been added, remained constant within the limits of 
experimental error, for at least 5 hours, but decreaisd by 34 per cent, 
and 66*9 iwr cent, after 2 and 7 days respectively. The haemoglobin 
concentration in urme should therefore be estimated as soon as 
pomble after collection. 
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(3) Faeces .—Grind in a mortar 5 grams fresh faeces with 30 c.c. 
of a 0*05 per cent, saponin solution, leave at room temperature for 
15 minutes and centrifuge for 15 minutes. Pipette o£E 10 c.c. of the 
liquid, add 2 c.c. of pyridine and a pinch of sodium chloride, stir 
well and centrifuge for 15 minutes. The test is performed on 6 c.c. 
of this solution. 


Calculations, 


14-95 


.r 30 

X X 


mii\ ner 100 




Wheie ,r - Volume in c.c. to which the unknown is diluted. 
6 30 

or 14-95 X ^ X g mg. per 100 g. faeces, 
where // Volume in c.c. to which the standard is diluted. 


It should be uote<l that a possible haemoglobin destruction may 
also take place in faeces, and to investigate this possibility the 
following experiment was conducted: — 


0-3 c.c. quantities of a solution of blood in distilled water 
(4-485 g. haemoglobin per 100 c.c.) were added to 5 g. samples of 
fresh haemoglobin-free bovine faeces; thus the theoretical amount in 
each sample should be 209 mg. per 100 g. faeces. 


Concentration found^284 mg. per 100 g. 

After the samples had been left at room temperature for 2 hours 
it was 208 mg. per 100 g. A further decrease of 30 per cent, was 
found after 24 hours. To obtain the most relijible concentration, 
estimations should thcrefoie be made as soon as possible after 
samjiling, preferably within 2 hours after defaecation. 

In applying this pyridine haemochromogen method for the quan¬ 
titative estimation of haemoglobin in milk, urine, serum or plasma 
and faeces a slight opalescence or other pigments apart from haemo¬ 
globin may interfere with the penetration of light to a certain extent. 
The pyridine haemochromogen, however, has such an intense absorp¬ 
tion band that this defect is not a serious one. It should also be kept 
in mind that methaemoglobin, which is frequently encountered is also 
converted into the pyridine haemochromogen. 


Summary. 

A spectroscopic method for the (quantitative determination of the 
haemoglobin content of blood is described. The haematin is converted 
into pyridine haemochromogen and a comparison of the intensity of 
the 555 absorption band made against a known standard. Haemo¬ 
globin can be quantitatively estimated in milk, urine, serum, plasma 
or fae<»es. 
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The Origin of Sulphur in Wool.—111. An Im¬ 
proved Cuprous Mercaptide Method for 
the Determination of Cystine in Material 
low in Cystine. 


]ly S. J). IIOSSOTTW, Wool Uesearrh Section, Onderstepoort: 


In a previous paper (llossouw and Wilken-Jorden, 1935), it was 
shown that cystine can he precipitated as the cuprous mercaptide, 
thus eliminating iiiany substances which llossouw and Wilken-Jorden 
(1934) found to interfere with the determination. In certain cases 
sulphuric acid instead of hydrochloric* ac*id hydrolysates were used 
ancl excessive humin formation was eliminated, also little or no 
oxidation to cysteic ac*id took place as found by Lugg (1933). It can 
l>e safely saicl that with the present available methods it will be 
impossible to detectt c*ystine in a hydrochloric acid hydrolysate of 
substances in the naiure of grasses, which are low in cystine. 
Andrews (1933) found trac'es of copper to oxidise cystine in hydro¬ 
chloric acid solutions but not in sulphuric acid. 

In the present modification the amino acid is determined as 
cysteine, resulting in double vseiisitivily and also eliminating all 
interfering colouration in the same process. Where excessive 
colouring material is present as is the case with hyd roily sates of some 
grasses and blood, this method simplifies the process and leaves a 
better margin of safety. Many of the interfering substances found 
by Andrews and Andrews (1936) are thus eliminated from these 
hydrolysates. In grasses of low- cystine content it is, however, 
advisable to reprecipitate the mercaptide, but as will be shown, this 
is quick and safe with an excellent regain. 

Method. 

The method described, applies to grasses which are low in cystine 
as found by Rossouw (1935). 

To 9 grams of grass dried to constant weight in an oven at 105® C. 
is added 80 ml. of 10 N sulphuric acid. This is warmed on a medium 
heat hot plate until the material is well soaked. The flask with the 
material, whilst still hot is covered with a beaker and placed in a gas 
heated autoclave controlled at 130® C. It is kept at this temoerature 
for 6 hours. The hydrolysate is filtered hot through a G3 or G2 Jena 
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fritted glass filter funnel, washed with hot water and made up to 
‘^00 ml. Depending on the cystine content, 50 to 100 ml. of this 
solution is measured into a 500 ml. flask and as a buffer 2 mi. glacial 
acetic acid is added. With 5 N. sodium hydroxide this solution is 
then brought to pH 4*6. A flocculent precipitate results which is 
filtered off through a G4 Jena filter and washed with dilute acetic- 
acid-sodium acetate buffer at pH 4*6. Medes and Padis (1936). To 
this filtrate is added, with gentle shaking, 0*5 to 1 ml. of freshly 
prepared solution of cuprous chloride in 25 per cent, potassium 
chloride. After one hour standing flocculation of the cystine <;uprous 
mercaptide will be complete. For quickest and safest precipitation 
a temperature of 30® 1o 35® appears to be best. 

^e solution is then centrifuged simultaneously in two or more 
centrifuge tubes of the conical type. The solution containing the 
precipitate should be disturbed as little as possible, as this precipitate 
is apparently soluble in cupric chloride. 

At this stage, depending on the amount of dark material present, 
two procedures are possible: — 

(1) When excess of dark material is present: Here reprecipitation 
IS resorted to. The precipitate in the lubes is dissolved in 4 ml. of 
0*3 N. hydrochloric acid and washed with water into a 50 ml. 
centrifuge tube. To this solution is added about 200 mg. of pure 
zinc dust and the contents well stirred or gently shaken until 
foaming has subsided. This is then filtered and washed into another 
50 ml. tube. The reduced solution is now much lighter. At the same 
time a standard solution containing 0-8 mg. of cystine in a deci- 
normal solution of hydrochloric acid is pipetted into another 
centrifuge tul)6 and treated similarly to the above. The volumes are 
made up to about 30 ml. each and the tubes placed in a w*ater bath 
at about 30®. To the assay and the standard are each added 6 ml. 
of acetic acid-sodium acetate buffer and 10 per cent, potassium 
hydroxide dropwise to pH 4*6. To each is now added 0*26 mi. 25 
per cent, potassium chloride follow’ed l)y 6 drops (about 0*2 ml.) of 
freshly prepared cuprous chloride reagent. This is done dropwise 
with gentle shaking. Flocculation usually sets in after a few 
minutes. The tubes are left in the bath for about one hour and then 
centrifuged. 

(2) When less dark material is present: When reprecipitation is 
not made use of the precipitates should be washed in a 4*6 pH 
buffer solution consisting of a mixture of acetic acid and sodium 
acetate. The washings are combined in one tube and centrifuged. 
A standard is prepared as already described in (1). 

Whichever procedure has been followed, the precipitates of the 
assay and of the standard are separately dissolved in 4. ml. of a 
0*3 N. solution of hydrochloric acid. To each solution is added 100 
to 200 mg. of zinc dost and it is well stirred or gently shaken. During 
this process the temperature is kept below 15®. The reaction is 
allowed to continue for half an hour with frequent stirring or 
shaking. Each solution is then wrashed into a 20 ml. measuring 
cylinder and 2*5 ml. of a 2*6 per cent, acetic acid followed by 1*0 ml. 
of a 15 per cent, solution of potassium sulpho-c^anide is added. 
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The contents are mixed and 0*25 ml. pyridine is added dropwise. It 
is shaken and made up to 20 ml., keeping the temperature constant 
at 15®. It is then immediately filtered and 5 ml. aliquots used for 
the cystine determination. To aliquots of both standard and assay 
is now added 0*5 ml. of 10 per cent, potassium hydroxide so>lution 
and the temperature raised to 18® to 20®. As described by llossouw 
and Wilken-Tordan (1934) 2 ml. 10 per cent, aqueous solution of 
sodium cyanide is then immediately added. After an interval of 
10 minutes 1 ml. of a 0*5 per cent, aqueous solution, of 1,2-naptho- 
quinone>4-sodium sulphonate is added, the solution is gently shaken 
and 5 ml. of 10 per cent, anhydrous sodium sulphite in 0*5 N. sodium 
hydroxide added after 20 seconds. After mixing the solutions are 
allowed to stand for 40 1o (10 minutes at 18® to 20® when 1 ml. of a 
1 per cent, solution of sodium Hydrosulphite (NagSjO^) in 0 5 N. 
sodium hydroxide is added. The colours are immediately compared 
colorimetrically. 


Reagents. 


1. 10 N. sulphuric acid. 

2. 10 Per cent, solution of potassium hydroxide. 

3. Merck's pure cujnous chloride. If this is visibly oxidised to 
cu])ric (diloride it is best to purify a small sample to last for about a 
month as follows: The oxidised pixiduct is dissolved in a minimum 
quantity of 3 N. hydrochloric acid and a large excess of water is then 
added which precipitates the pure white cuprous chloride. The 
solution is quickly filtered through a (t 3 filter, the precipitate washed 
with ethanol and placed in a vacuum at about 40® until dry. 

O f) dm. of this powder is transferred to a stop])ered cylinder, 13 
ml. of 25 j>er cent, potassium chloride in decinormal hydrochloric 
acid added and the contents well shaken to dissolve. This solution 
is covered with a thin layer of petroleum ether and should last for a 
day. 


4. 0*3 N Hydrochloric acid solution. 

5. Merck’s pure zinc dust. 

fi. 4*6 pH Buffer solution of Medes and Padis (1936) made up by 
using equal volumes of 2 M sodium acetate and 2 M acetic acid. 

7. 2*5 per cent, solution of acetic acid. 

8. 15 Per cent, solution of potassium sulphocyanide. 

9. Pyridine, redistilled. 

10. 10 Per cent, freshly prepared aqueous solution of sodium 
cyanide. 

11. 1 Per cent, freshly prepared aqueous solution of 1,2-naphtho>> 
quinone-4-8odium sulphonate. This material should be tested for 
purity as described by Sullivan (1926). 
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12. 10 Per cent, freshly prepared solution of anhydrous sodium 
sulphite in 0*5 N sodium hydroxide, 

13. 1 Per cent, freshly prepared solution of sodium hydro 
sulphite in 0*6 N sodium hydroxide. 


Discussion. 

Under the conditions of hydrolysis described above there is a 
cystine recovery of more than 90 per cent, when 2 m^?. cystine is 
added to a sample of lucerne hay as indicated in the following 
table: — 


Temperature of 
Autoclave. 

j 

Time of Hydrolysis 
in Hours. 

j 

Cystine Content 
in mg. per oent. 

Percentage regain of 
added Cystine. 

122° 

70 

101 

05 

125° 

5*6 

117 

91 

130° 

60 

106 

93 

136° 

2-5 

1 

91 

57 


During hydrolysis the normality of the acid is reduced to about 
8*5 N. When hydrolysed for too long a period or at loo high a 
temperature the cystine figures will be tcK) low due for instance to 
carbonisation, oxioation, etc. A temperature of 125° and hydrolysis 
for about fi hours have been found satisfactory. The addition of 
zinc during hydi^olysis is unnecessary in the case of sulphuric acid in 
contrast to hydrochloric acid but if resorted to the results are not 
effected. 

The cystine cuprous raercaptide is soluble in cupric chloride. 
It was established that with vigorous shaking of the stoppered 
centrifuge tube containing the precipitating reagent all the 
mercaptide would dissolve in the cupric chloride formed. As a result 
of this oxidation it was decided to resort to centrifuging rather than 
risking filtration. 

Probably due to traces of copper salt in solution the cysteine set 
free by the zinc dust reduction is apt to be oxidised to cystine but at 
15° such cysteine solution will remain stable for 24 hours. 

An additional cystine standard (direct standard) can be used as a 
check to that already described (indirect standard) by omitting the 
reduction of cystine to cysteine and remembering that in this case 
the colour intensity will be only half that of the indirect standard. 

It was found necessary to controil the temperature during the 
colour development carefully. At 18°-20° C. the colour development 
is much slower than at the usual 26° and it is for this reason that a 
time interval of 40-60 minutes should elapse before the hydrosulphite 
is addcily when the colour development-time curve becomes asymtotic. 
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With the acetic and pj^idine in the so>lution it is evident that 
their strongly buffering action will prevent the very high hydrogen 
ion concentration required in this reaction to be obtained by employ¬ 
ing the customary (X)ncentrations of reagents. As a result alkali is 
added to the solution prior to the cyanide solution. A similar 
procedure with good results was followed by Sullivan and Hess 
(1936). 

Very sharp and more reliable colorimetric readings were obtained 
by using a light filter in the order of 530. 


Summary. 

Cystine is determined as cysteine in hydrolysates of plant or 
biological material of low cystine content. This method is an im¬ 
provement and also more accurate than the previous one described. 
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Ocui-AH uorp 18 a well-known complaint of foi^is. Every poultrymaii 
is familiar with the reddened conjunctiva, the purulent discharge, 
ihe cheesy exudate lying deep between the nictitating membrane and 
eye, the inflammation of the periorbital tissues, the keratitis and even 
the panophthalmia. In nearly all cases there are solne other signs 
of i-oup, such as rhinitis, stomatitis, pharyngitis, laryngitis and sub¬ 
cutaneous abscesses over the (Tanium. 

Known causes of ** ocular roup are avitaminosis A, fowd-pox, 
infectious laryngotracheitis, fowl cho^lera, streptococcosis and infec¬ 
tions produced by Haemophilus gallinarum and the cocco-bacilliform 
liodies of Nelson. The tubercle bacillus will, very rarely, also evoke 
a conjunctivitis. 

From time to time farmers have wTitten to this Institute 
describing outbreaks of roup that affected only the eyes. We were, 
however, unable to obtain specimens for examination before Novem¬ 
ber, 1938, when chicks Avere brought here from Devon in the Trans¬ 
vaal. The two birds, a month old, were undersized on account of the 
poor ration they received. One had a mild purulent conjunctivitis of 
both eyes and the lids tended to stick together. The other had a 
bilateral sero-purulent conjunctivitis, and the tissues round the eyes 
were moderately swollen; the cornea was only very slightly turbid. 
The conjunctival epithelial cells of all the affected eyes contained 
Rickettsia-like organisms in varying numbers. Smears of the 
conjunctival scrapings were also full of pus cells. From the second 
chick an unsuccessful attempt was made to infe<^t two adult hens and 
three cockerels of three months of age. This failure will be referred 
to later. 

In January, 1939, a live White Leghorn pullet, five months old, 
was received from Frankfort in the Orange Free State. The right 
eye was normal, except that the iris was lighter in colour than it 
should have been. These ‘Might eyes ’’ are common in fowds and 
have nothing to do wdth conjunctivitis. The left cornea was opaque 
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and the coniunctiva was moderately inflamed. Conjunctival smeps 
from the left eye contained epithelial cells holding Bickettsia-like 
organisms. Three weeks later infected cells were very difficult to 
find. When this fowl first arrived, unsuccessful attempts were made 
to transmit the disease to two other adult fowls, by instilling 
conjunctival scrapings containing Bickettsias into their conjunctival 
sacs. Likewise I failed to infect the bird’s normal right eye from 
its left eye. Six calves proved to be refractory. Finally, the faeces 
of the diseased fowl were instilled into the eyes of normal birds with 
negative results. 

A third outbreak was encountered in Johannesburg in June, 
1939. The subject for examination was a nine-months-old White 
Leghorn pullet. The left eye was normal. The right cornea was 
slightly opaque and there was a meagre conjunctival discharge. A 
smear of the conjunctival scrapings was stained with Giemsa, and 
only a very few epithelial cells were found containing the organisms. 
Lymphocytes and monocytes, however, were numerous and there wns 
no doubt that the fowl had almost recovered from the infection. 


The Expekimental Disease. 

It is well known that the great majority of ivorkers on the disease 
called specific ophthalmia or infectious keratitis of rattle have failed 
to effect its transmission to experimental animals. On the other 
hand, direct transmission of ophthalmia from sheep to sheep is 
relatively easy. Our persistent failures to infect fowls were puzzling. 
Then I decided to hold small pledgets of cotton wool in forceps and 
rub them firmly over the infected epithelium. ' Tmmediatelv after¬ 
wards, the pledgets were rubbed even more firmly over the con¬ 
junctival epithelium of normal birds. Success was immediate. Nou 
we can infect 25 per cent, to 75 per cent, of the experimental fowls. 
It is interesting to note that one’eye may become infected, but not 
the other. Perhaps a similar technique w^ill permit jKisitive results 
to be obtained in cattle. 

The mode of natural transmission is unknown. All the diseased 
fowls were kept in two special houses on the poultry plant at Onderste- 
poort. The condition had never been found in our ow n flocks. With¬ 
in six months of eomimncing our experiments, odd cases of the 
disease were discovered in different intensive poultry houses. There 
was never any direct contact between the birds ,and, as w'e have 
shown, artificial transmission is not easy. We can only think that 
flies spread the infection. 

The source of the material for our successful experiments was u 
cockerel that contracted the disease spontaneously, when put in a 
cage near that occupied by a naturally infected bird. The incubation 
period may be as short as two days, and the Bickettsias appear 
simultaneously with the clinical symptoms. No bird ever developed 
conjunctivitis without showing the organisms. The usual incubation 
I^riod is three or four days; sometimes the period is even seven or 
eight days. Although both eyes are infected simultaneously, one 
may show symptoms a day or two before the other. 
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The first symptom is a slight swelling or puffiness of the lower 
eyelid and this can best be observed from the outside. Photophobia 
is seen early, if the disease is at alll severe. The conjunctiva becomes 
reddened and swollen, particularly inside the lower lid. There may 
be a very slight muco-purulent conjunctival exudate, and a smear 
of this shows it to be composed mainly of pus cells. Only occasionally 
do the lids tend to stick together. 

If the disease is severe, the cornea becomes opaque six to seven 
days after infection. In another two or three days, blood vessels can 
be seen growing towards the centre of the cornea from its periphery. 
If the keratitis takes its usual course and resolves within seven to 
ten days of its ap])earan(‘e, the blood vessels disappear. In very rare 
cases, however, the pannus may persist for three or four months; 
the only fowd that showed this, had the affected cornea opaque and 
bulging; the opacity was due to scarring. Panophthalmia is a very 
unusual complication. 

The acute inflammation of the conjunctiva geiieially subsides 
wdthin a w’eek to a fortnight. It sometimes persists for a month. 
After this the eye gradually returns to normal, ihe corneal opa<*ity 
and any pannus disappearing, and all swelling leaving ihe lid.s. 
Hut, should the eye have been very bad, there is a not uncommon 
se(|uel; as the intlamination improves, the nictitating membrane 
becomes pulled, up to a third of the way across ihe eyeball, This 
defect is of a semi-permanent nature. 

(h‘casionally secondary organisms, such as cocci, invade the 
diseased conjunctiva, and then the lids stick together more easily and 
there is a gummy discharge from the eye and a lump of cheesy 
exudate may form under the nictitating membrane. 

Symptoms of a systemic nature may be noted. If a female 
develops the disease severely in both eyes, she remains mopy and 
dejected for two to four weeks. But in spite of this, the hens show’ 
t'onsiderable tenacity and go on feeding. In similar circumstances 
males do very poorly. Frequently they give up the struggle and 
refuse to eat, and consequently very soon develop blackish combs and 
yellowish-green diarrhoea and become emaciated. Most of these male*? 
die, even as early as 24 days after infection, or they have to be killed. 
Severe systemic disturbances w’ere not seen w’hen Ihe disease was 
confined to one eye. 

The inflammatory changes are restricte*! to the structures of the 
eye. For this reason, rhinitis, sinusitis and pharyngitis do not 
develop. Even the periorbital tissues show comparatively little 
sw^elHng. There is no “ roupy ” smell. 

Attempts at Tbeatment. 

Owing to the satisfactory results given by XJleron in the treat¬ 
ment of heartwater, which is due to Rickettsia mminantium, this was 
the first drug tried.. 
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Three White Leghorn chickens, infected six days previously, 
TOt half a Uleron tablet (1 tablet=0-6 gram) per os daily for four 
days. The birds were eight weeks old. Three White Leghorn 
chickens and another two chickens, all 12 weeks old, that had been 
infected 13 and 7 days previously, respectively, received half a 
Uleron tablet each per os night and morning. Altogether the birds 
were dosed 8 times. Five chickens, 13 weeks old, infected 5 days 
previously, got one Uleron tablet each per os, morning and evening. 
Altogether these birds were dosed 8 times. 

Adequate controls were kept. No evidence could be obtained to 
show that Uleron, in the doses given, could influence the course of the 
disease. No toxic symptoms were noticed. 

Three White Leghorn pullets and another five pullets, infected 
9 and 5 days previously, respectively, w^ere each given per os, 0-25 
gram M. and B. 693; next day the same dose was given in the 
morning and repeated in the evening and, the day after this again, 
a single dose was administered in the morning. Thus ea(*h pullet got 
1 gram of the drug. No toxic symptoms were noted. M. and B. 
693 had no adverse effect on the parasites. 

One White Leghorn pullet, another 4 pullets and another 7 
pullets, infected 17, 13 and 7 days previously, respectively, were 
dosed per os, morning and evening, on two consecutive days with 
0*25 gram sulphonamide; on the third morning they were dosed 
again. Each bird thus received 1*25 grams sulphonamide. iSo toxic 
symptoms were observed. The results were again disappointing; 
apparently the drug has no effect on the Bickettsias. 

Uleron, M. and B. 693, and sulphonamide failed to cure the 
birds in the doses given. Possibly larger doses over a longer period 

might succeed, but prolonged treatment is not economical on farms. 

« 

Immunity. 

Generally speaking, fowls over 18 months old were very resistant 
to the means of infection employed. Sometimes, however, the 
disease was produced, and for this reason it is more probable that the 
method of infection was at fault than that the eyes were not 
susceptible. 

Both eyes of an adult hen resisted infection pn two occasions, 
th]*ee months apart. The same applied to a pullet, only the interval 
was six weeks. But it is dangerous to draw (.conclusions, for another 
pullet, infected in both ejres, developed the disease only in the right 
eye; 22 days after the original infected material was applied to the 
conjuctiva, symptoms appeared in the left eye. As this left eye had 
been under observation, it is practically certain that it developed 
the disease naturally, after experimental* infection had failed. Still 
another pullet was infected unsuccessfully in the left eye, and sixteen 
days later the disease occurred naturally in the right. 

Frequently, when both eyes were infected, the disease, together 
with the parasites, developed only in one. 
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Two birds that had the disease badly and recovered, were 
reinfected after eight and nine mouths respectively. Even in the 
eyes that had been so severely ai¥ec*ted before, more Kickettsias and 
clinical symptoms developed. A similar experiment, performed on 
three other birds, indicated that they were possibly immune, as there 
was no reappearance of parasites or lesions. 

The only conclusions that may be drawn from the above observa* 
tions are: (1) a recovered eye may be reinfected eight months later, 
t2) resistance of the eye to experimental infection does not necessarily 
imply immunity, and (»‘l) infection in one eye does not net^essaril^ 
lead to the establishment of immunity in the other. 

An unsuccicssful attempt was made to infect two adult Pekin 
ducks; the significance of this is questionable. 

As far as we know, the natural disease and the attendant 
parasites are confined to tlie domestic fowl. 


DESCttlPTTON OK THE HlCKETTSTA. 

The parasites have an intracytoplasmic habitat in the conjunctival 
epithelial cells. The nucilei of the host cells are never invaded. A 
cell may be packed \vith granules. The organisms may be scattered 
loosely throughout the cytoplasm or be arranged in groups, resembling 
<*olonies. These colonies are not attracted to the nuclei, as similar 
iu<*lusions are in trachoma and blennorrhoea neonatorum of man# 
It anything, the parasites tend to gravitate to the edges of the cell 
(v. Fig. il); the margins thus often show up very clearly when 
numerous infected <*ell8 lie side by side. Sometimes a ci)louy 
occupies half of the cytoplasm, leaving the other half free. 

It is customary to find a number of clean cells together, and then 
a number of infected cells next to each other. This suggests that a 
(*ell is invaded by Kickettsias from the margin of an adjoining cell. 

The organisms are very pleomorphic and approximately to 
1*5 /a ill size. Some are rods showing bijudar staining; others are 
plain rods. Then there are coecal forms, triangular forms, comma- 
shaped iorms, whole rings and broken rings. Not infrequently the 
granules resemble iKiomerangs. In any one c*ell, the parasites conform 
more or less to a type; they may, for instance, be coccal or bacillary 
in nature. 

With (liemsa, most of the organisms stain a light reddish-blue 
colour. Some of the largest (*occal forms may be light blue, 
resembling initial bodies, and some of the smallest mav stain like 
chromatin, resembling elementary' bodies. But there is no sharp 
division into initial and elementary bodies, such as we find in 
trachoma and psittacosis. 

The granules are llram-negative and uon-acid-fast. With 
Pinkerton’s technique, the organisms stain blue and not red, a fact 
that excludes this Rieket^ia from the group causing typhus and 
Rocky Mountain spotted fever. 
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Ill staining by this method, a smear is made and dried in air, 
but not fixed. (1*5 Per cent, basic fuchsin in water is applied for 
three minutes. The fuchsin stain is run ofP, and the smear 
decolourised with 0-5 per cent, citric acid in water for a few seconds. 
The smear is ua‘-hed in uater. and counter-stained with 1 per cent, 
methylene bine. 

It cannot be said definitel> that the parasites damage the host 
cells, but this must be presumed seeing that the conjunctiva becomes 
inflamed. 

The above description of the oiganisms ‘‘eems to be 8uffi<*ient 
justification for regarding them as a apeedes of llickettsia. (Con¬ 
sequently the name, Kicketfsia conjunct!rae galh^ is provisionally 
proposed for the parasite. 


RkLAITONSHIC Oh THE OlUtANlSMS 10 THE DlSl-\Sh. 

Ill other articles it has been demonstrated how a certain type ot 
conjunctivitis of the sheep, ox, goat, and pig is invariably associated 
with the presence of Kickettsia-like organisms in the conjunctival 
epithelial cells. In this paper a similar state of affairs is shown to 
exist where the domestic fowl is concerned. 

With the onset of conjunctivitis in the fowl, conjunctival smears 
show numerous Bickettsias and pus cells. When healing commences, 
the parasites disappear and the pus celis are replaced by lyiiiphiK'ytes 
and some monocytes. Thus, in all essential respects, the disease is 
on a par with that in the other species of domestic animals. 

Oorresponding to the course of the acilte phase of the disease, the 
parasites may persist for as long a4 a month. Occasionally the> are 
present for only a day or tuo. If the parasites are never present in 
the eye in sufficient numbers to make thrfr detection rapid, no clinical 
signs of the disease uill be apparent. The converse is not equally 
true, for smears of clinically normal eyes may contain numerous 
Bickettsias. But large numbers of parasites are accompanied by 
abnormal numbeis of pus cells and the eye is thus diseased, even if 
not clinically so. Oenerally speaking, large numbers of organisms 
are associated w’ith obvious clini(*al lesions. 

Unless the conjunctival scrapings are (contaminated by exudate 
adhering to the edges of the lids, remarkably few* bo('teria will be 
found. (Jenerally they are absent, and the only visible organisms are 
the Bickettsias. This observation applies alsci to ophthalmia of the 
sheep, ox, goat, and pig and tends to show that the presence of the 
Bickettsias has some etiological significance. 

It is not uncommon for a control eye to develop c^oniunctivitis 
and contain the parasites, two or three days after the disease has 
become manifest in the experimentally infected eye. This constitutes 
more circumstantial evidence that the Rickettsia*is the cause. Final 
proof, however, is still lacking. 
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Conclusions. 

An apparently new form of conjunctivitis of the domestic foA^l 
has been described. No doubt the disease has been seen before and 
called “ ocular roup 

The condition is confined to the siructuies of the eye. Transmis¬ 
sion experiments have led to the successful reprodindion of a disease, 
similar in all respects to that found in nature. 

The conjunctivitis is associated invariably with the presence of 
Ui(*kettsia-like organisms in the conjunctival epithelial cells. Almost 
identical inclusions have been found in cases of ophthalmia of the 
sheep, ox, Roat, and pig-. These fowl parasites have been described 
and the name, Ric/i-rttsia vonjunctirae ffalU, pioposed for them. 

Reasons have V»een advanced for sii^^estin^ that li, nmjuuvtihiv 
Iftilh is the true cause of the conjunctivitis. 
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JLLU8TRATJONS. 


The smeerd of conjunctival epithelial scrapings were all stained with Giemsa. 



Fig. l.—l,4(X)X. Conjunctival epithelial cell with the left half of its 
cytoplasm occupied by a colony of Rickettsia-like organisms. A clean cell is to 
the right of the infected cell 



Fig. *2. —l,500x. Conjunctival epithelial cell, half full of parasites. 







J. D. W. A. COLES. 



3.—1,400X. Conjunctival epithelial ciell. The organisms are packed 
closely along the left edge of the cell; this is a common form of grouping. 
Other parts of the cytoplasm contain a few parasites. Tb the right of the 
cell, and outside it, is a scattered mass of Rickettsias. 


f 



ifig, 4.—1,6(X)X, A group of conjunctival epithelial ixjIIs containing organisma 
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Fig. 5.—l,400x. A conjunctival enithelial cell with numerous Rickeltsias 
dispersed evenly throughout tlie cytoplasm. To the right of. and below the 
nucleus, is a lump of extraneous nuclear material. 



F'ig* 6.—1/250X. A conjunctival epithelial cell filled with organisms, most of 

which are rod-shaped. 
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Anatomical Studies No. 63: An Abnormal 
Bovine Heart. 


By J. H. L. (JIjOETE and H. P. STEYN, Sections of Anatomy and 
Sur^feiy, Onderstepoort. 


The majority of the recorded abnormalities of the heart 
(Schwalbe, 1909) are of relatively simple naiure, e.g-. patent foramen 
ovale and loc'alised septal defects. The latter are nsnally limited to 
the atrial septum, occurring much less frequently in that of the 
ventricles. Their frequemy i« greater in tin* more basal parts than 
towards the apex (Hailey and Miller, 1927). Much more rare are 
anomalies affecting both atria and ventricles, while a search of the 
literature reveals but a few records of cases in which, in addition to 
both sets of chambers, the main arterial stems were also involved. 

Subject, 

The heart is that of a male calf found* dead in the veld on the 
morning of 21-12-30, apparently a few hours subsequent to birth. 
The (*alf was by an Afrikander bull (D.O.B. 4819) out of a highgrade 
Sussex c'ow (D.O.B. 3425). The foetus had been (tarried for 290 
days, and at birth it compared favouiably, as regards both weight 
(73 lb.) and degree of development, with other calves similarly bred 
under identic^al environmental conditions. Other than the cardiac 
abnormality to be described and several skin abrasions, the autopsy 
findings were entirely negative. It was decided that the calf had 
been born alive and that it had breathed. 

Description of the Heart and Vessels. 

In this description the heart is looked upon as being in situ 
and the animal in the normal standing posture; thus the base of 
the heart is dorsal, the apex ventral, the right atrium and ventricle 
cranial and the left chambers caudal. 

(a) External Appearance,—As will be seen from Fig. 1. the 
shape of the heart differs from the normal in that it is shortened in 
the dorao-ventral direction; wider and more rounded at the apex. 

* By H, P. S., who was at that time Officer in Charge of the Veterinary 
•Research Station at Armoedsvlakte, near Vryburg, C.P. 
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FnrChor it is distinctly flattened from side to side. The usual 
longitudinal grooves are almnt, but there is a faint horisontal groove 
midway down the posterior surface of the ventricular portion. Above 
this groove a tecl^ard protrusion of the ventricular myocard breaks 
the usual straight line of the caudal border. 

The left atrium is attached to the ri^t atrium only, tlwre being 
no connection between it and the ventricular portion of me heart.' 
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At the base of the heart the usual aortic and pulmonary trunks 
are replaced by a single large cone-shaped vessel, clearly visinle from 
the left side (Fig. 1). This vessel extends upwards for a distance 
of two inches before it divides (see Fig. 2) as follows: — 



R, Venfricle 


AortcJ 

R. Pulmonary Art, 

Branch Aotfa 

— Lefr Pulmonary *Arr. 
Coronary Artery 

Left Atrium 

Left ventricle 
Posterior han3ontal qroove 


Fig. ii.—External appearance. 

(i) Aorta, —This, the largest branch, appears to be the direct 
continuation of the main trunk. It curves upward and back¬ 
ward to reach the dorsal w*all of the thoracic cavity. 

(ii) Common Brachiocephalic Trunk ,—This is second in point oj 

size. It arises directly opposite the foregoing vessel and it 
passes forward towards the entrance to the thoracic cavity. 

(iii) A Fairly Large Vessel arising at the same level as the above 

and to the right of it. This probably represents one of the 
branches of the brachiocephalic trunk. However, in the 
illustration it is marked as a branch of the aorta. 

(iv) The Right Pulmonary Artery .—This originates at the left 

cranial aspect of the main trunk. It is of the same calibre 
as (iii) but at its base there is a marked constriction. 

(v) The Left Pulmonary Artery ,—Emanating from the base of the 

aorta, ^ towards the caudal aspect, and having an initial 
constriction similar to that of the right artery. 

At a distance of one inch from the point of origin of the right 

f iulmonary artery there arises a small vessel which, lying upon the 
eft face of the main arterial trunk, runs directly towards the base 
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of the heart where it splits into two branches. These, coursing iu 
opposite directions along the coronary grooves, appear to bi the 
coronary arteries. No further coronary blood supply is detectable. 

As is to be expected, neither the ductus arteriosus nor ^he 
ligaiuentum arteriosum is present. The vena cavae and the 
pulmonary veins open as usual into the right and the left atria 
respectively. 



Riqht Afngm 


Atrio-ventri 
valves 


Common Artip^ial^ 


Semi-Lunar valves 


Foramen into 
L ventricle 


Incomplete dividing septum- 
R. ventricle. 


Fig, 3.—Intel mil appearance, left lateral view. 


(6) Internal Appearance.—The left atrium has no veuiriculai 
communication; however, a patent ioramen ovale is en('ountered. In 
the right atrium there are no unusual features. As seen in Fig. 3 
the right ventricle comprises almost the entire ventricular part of 
the organ. By a slight longitudinal elevation of its right myocardial 
wall the chamber is incompletely divided into cranial and cuiidul 
compartments. The right atrium opens into the former, while the 
latter extends ventrally^ into the apex and dorsally into the main 
arterial trunk, from which,it is demarcated by a ttree-cuspid semi¬ 
lunar valve. Just ventral to the posterior of these cusps a foramen, 
about one inch in diameter, opens through the myocardial wall into 
the vestigial left.,ventricle. The latter is contained in the posterior 
protrusion visible externally. It is found to (consist of a simple hollow 
chamber w^ith but one opening—that into the right ventricle. The 
muscular wall is complete and the cavity is lined by endocardium 
continuous with that of the larger ventricle. 

Teratology. 

The mammalian heart develops from a single tube, along the 
(•ourse of which three enlargements appear. In turn these are 
divided, through the appearance of septa, into paired atria, ventricles 
and arterial tranks—aortic and pulmonary. In the case under con¬ 
sideration this process has been disturbed, resulting in misplaced 
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diviaion of the veatricles (with consequent atrial anomalies) and 
total failure of division of the bulbus.^ The latter remains as a 
commofi arterial stem, in the sub-division of vrhich all the main 
branches of both the aorta and the pulmonaiy artery are represented. 


Foetal Circulation, 

In this case a sinfij^le functional ventiicle and a common arterial 
.stem maintained the entire circulation, pulmonary as well as systemic. 
The former beinj? relatively unimportant in the foetus, constrictions 
at the bases of the pulmonary arteiies served to keep the bulk of 
the blood-volume in the systemic vessels. For the small volume ol 
Idood returninp: ironi the lun^s to the left atrium there was but one 
outlet, namely, into the right atrium, thus reversing the usual 
direction of flow through the foramen ovale. 


Discussion, 

The significance of this case extends far beyond its teratological 
rarity—it forms an important (contribution to the literature on the 
foetal circulation. 

It is known that into the right atrium are poured two streams 
ot blood of (littering (piality, namely, the oxygen-poor blood from 
the cranial >ena cava and the relatively puie blood from the caudal 
vena cava. The traditional belief, base(l on the teaching of Sabatier 
(1791), has been that by (‘ertain anutomi(cal arrangements wuthin the 
light atrium, these two streams are kept apart, and that subsequentlj 
the purest blood is distriluited to the bra(*hio-cephalic circulation, 
'riiis purely hyp()theti(‘al conception is based upon the supposed 
advantages that would accrue from a segiegation of pure and impure 
blood. Save for the apparent highly unsatisfactory work of Reid 
(IWlo) there w^as, until recently, no attempt at experimental verifi¬ 
cation of the theory. Nevertheless this classical explanation ha'^ 
enjoyed immense popularity and it is to be found, faithfully repro¬ 
duced, not only in the older texts, but also in works of much more 
recent origin (e.g. Zeitschmann, 1924; Bailey & Miller, 1927); and 
this despite the fact that already in 1907 Pohlmann had revived 
Harvey’s (1628) theory of complete admixture of the two streams, 
and had (1907-9) furnished experimental corroboration which, 
although perhaps somewhat inconclusive, went far towards dis- 
(Tediting the Sabatier teaching. ^ Extending this investigation, 
Kellogg (1929) show’ecl that immediately after injection into either 
the jugular, the anterior or the posterior vena caval veins, of starch 
solutions or india ink, these substances were re(*overed in approxi¬ 
mately equal concentrations from the two ventricles. But for the 
possible criticism that by artificial interference the natural 
me(*hanism is liable to be disturbed, these results would prove con¬ 
clusively that in the right atrium there is definite mixing of the 
bloodstreams. However, Kellogg believes that all the points of 
criticism may be refuted. In a later study (1930) in which sensitive 
gas^us analyses of blood samples drawn simultaneously from various 
regions of the foetal system are the criteria, he records results which 
vindicate his earlier conclusions. 
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However, in spite of their acceptance by Arey (1934), who, 
judging from Eellop^g’s acknowledgement, appears to have been in 
a position to appreciate their merit, these findings have^ not resulted 
in a settlement of the controversy. Barcroft (1936) points out that 
in all Hellogg's (1930) results the figures for oxygen content are 
extremely low. Like Huggett (1927), he finds that in the small 
ruminant foetus the percentage oxygen saturation varies in decreasing 
sequence in samples of blood drawn from the posterior vena cava, 
the carotid and the umbilical artery. Statistical analysis of Barcroft’s 
data shows that the difference between groups two and three (carotid 
and umbilical artery) is just significant at the five per cent, level of 
probability, whereas between numbers one and three (posterior vena 
cava and umbilical artery) there is a differeiu^e highly significant 
even at P = 0*U1. Thus, as far as these results are concerned, 
Barcroft is justified in concluding that “ there is on the whole a 
differenc^e ” between samples of blood from the anterior and the 
posterior systemic arteries. However, in view of the fact that the 
two significant differences just mentioned are of widely varying order, 
we consider the qualification, ‘‘ there is evidence of name crossing 
of the two streams to be of equal importance. 

Moreover, it must be borne in mind that in the collection of 
these blood samples the foetuses w’ere probably all hidd in the same 
fixed position; this position may have been favourable to an increased 
flow of blood through the foramen ovale. Fiom anatomical conside¬ 
rations it is not difficult to conceive of such positioiiN; on the of her 
hand it is equally easy to picture positions which might pre¬ 
dispose towards thorough mixing of the streams within the right 
at r nun. 

The furthei use, however reservedly, of these highly variable 
data for the purpose of apportioning the extent of croshing of the 
streams is questionable. Here exception is taken not so much to the 
possible inaccuracy of the result as to the implication that there is 
in existence a mechanism through which only a limited and 
definitely determinable amount of mixing of the two streams is 
allow^ed; again the basis of this idea is the supposedly preferential 
treatment, in the matter of oxygen supply, of the more cranial pait 
of the foetal body. The limit to which this theory may be stretched 
is well indicated in Barnard’s (1938) discussion of rtn aneurism of 
the left ventricle, the result of the left coronar> artery taking 
origin from the juilmonary artery. He maintains that the process 
had already been instigated in the foetal period by the de])rivation 
of this part of the m^ooard of ]nire blood ” from the aorta. 

The entire theory is based mainly on the observed relatively 
large si^e of the foetal head. Hightly Kellogg (1928) has pointed out 
that the dominance of this region is limited to the earlier part of 
prenatal life, and that later the abdominal and pelvic regions 
undergo rapid growrth and differentiation. Statistically it has been 
shown by one of us* that in regions such as the limbs, from early in 

’ J. H. L. C. in ail as yet unpublished study of foetal growth and develop¬ 
ment in the Merino sheep. 
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S renatal life, the true growth-rate of the caudal member is always 
igher than that of the cranial one. However, in the latter the 
inception of growth occurs earlier (chronologically) and hence this 
member obtains a start which ensures that for a long time it will 
be relatively larger than the faster growing caudal member. On this 
basis the reason for the disproportionate size of the foetal head is its 
early entry into the growth process; hence the fallacy of hypotheses 
based upon the supposed accelerated growth, and consequent 
increased oxygen requirements, of the brachiocephalic region. 

For these reasons we incline tow'ards a modified Harvey-Pohl- 
mann theor 3 ' w'hich, while admitting the absence of constant, 
thorough and complete mixing of the two caval streams, regards any 
difference in the quality of blood in the upper and the lower 
systemic arteries as accidental ” and physiologically meaningless. 
Such a modification seems to have been implied by Kellogg, for his 
contention, after a considerable and varied number of tests, is hot 
that the blood in the two ventricles is always identical (his results 
prove otherwise), but that such differences as do appear are incon¬ 
stant, variable and of no moment. 

'' To those who obtain mental satisfaction from fitting 
siijqiosedly advantageous mechanisms to ])hysiological ideals, the 
llarvey-Pohlmann theory may be disappointing. Yet it is by no 
means certain that there is any necessity in maintaining a difference 
in the quality of blood distributed to various jairts of the body. 
Oirculatory efficiency in the mammalian embryo doubtless depends 
jointlj' on the relatively large quantity of swiftlv moving blood, and 
on the large factor of safety in the oxygen supply.^’ In these words 
Kellogg appears to lay upon those who still persist with the Sabatier 
|•onception the onus of definite proof of the necessity for separation. 
However, in addition to facts already advanced, the case recorded 
in this article is a natural experiment which has jiroved effectively 
that such segregation is not an essential factor in foetal growth and 
development. Thus the balance has been weighted against the 
discharge of this onus. 
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Anatomical Studies No. 64. 

Anomalous Course of the Left Phrenic Nerve 

in a Donkey. 


By CECIL JACKSON and W. C. VILJOEN, Section of Anatomy, 

Onderstepoort. 


When during dissection of a one-year-old female donkey 2so. 

21469) the thorax was opened, it was observed that the left phrenic 
nerve followed an unusual course and had peculiar relationships, 
(U’ossing the costal surface of the left lung, and that this anomaly 
was associated with an irregular arrangement of the pleura on the 
left side. 

The origin of the nerve and its entry int(» the thorax are as 
usual, but after it has passed beneath the left subclavian artery its 
course becomes abnormal. Instead of crossing the costocervical vein 
and continuing more or less horizontally along the lateral face of 
the brachiocephalic* trunk, it inclines ventrally, crossing the dorsal 
part of the thymus obliquely and arriving at the pericardium 5 cm. 
below’ the origin of the brachiocephalic* trunk. 

It continues across the pericardium in a position much lower 
than normal and wdth a pronounced ventral inclination, so that it 
reaches the level of the fourth rib only 5 cm. above the sternal ex¬ 
tremity of the latter. Failing to return from beneath the pericardiac 
pleura to the (post-cardial) mediastinum, it continues to occupy a 
lateral position, being related to the thoracic wall and crossing the 
costal surface of the lung. 

In this part of its coiir.se it occupies the dorsal border of a special 
fold of pleura which is reflected upwards from the diaphragm in the 
region of the phrenico-costal sinus, is continuous cranially w’ith the 
pericardiac pleura and is of a lace-like texture. In these respects 
the arrangement of the pleura is comparable with that normally 
obtaining on the right side, wdiere the phrenic nerve is enclosed in 
the caval fold. 
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The nerve reaches the lung 6 cm. al^ve the junction o£ the 
ventral and basal borders (lungs fixed in expiratory phase), crosses the 
costal surface of the organ, on which it leaves a distinct impression, 
and at the level of the seventh rib passes through a small fissure (1 
cm. in depth) in the basal border of the lung to reach the diaphragm, 
not at the tendinous centre, but at the costal muscular portion 
opposite the cranial border and 4 cm. above the sternal extremity of 
the eighth rib. The post-cardial mediastinum is normal, except for 
the fact that it does not accommodate the phrenic'nerve. 

At a distance of 1 cm. respectively in front of and behind the 
fissure in the border of the lung occur two other similar fissures. 
Since there is no adhesion between the pulmonary pleura and the 
special fold in which the nerve is accommodated and in consequence 
the lung has free mobility relatively to the nerve, it seems likely 
that at previous times (e.g. during pre'-natal life) the nerve may 
have occupied one or other of these fissures, which presumably 
developed in order to ac<‘ommodate it. 

The malformation described is apparently unrecorded in the 
voluminous literature dealing with congenital anomalies of the lungs, 
pleurae, diaphragm, and nerves. 

Mr. Th. Meyer kindly took the photograph which accompanies 
this note. 



Ammahuit Course of the Left Phrenic Nerve ,—The nerve is seen passing 
obliquely over the thymus and pertoardium and then over the lateral surface 
of the lung. The special fold of pleura in whose dorsal border it is contained 
is visible Mhind the cardiac notch of the lung; its lower part has sagged 
downwards lateral to ^e costal cartilages (artuact). The fourth and ei^th 
ribs are denoted by numbers. 
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